ELECTRONIC STEERING 
AND SUSPENSION SYSTEMS 


IMPORTANT SAFETY NOTICE 


Appropriate service methods and proper repair procedures are essential for the safe, reliable operation of all motor vehicles, as 
well as the personal safety of the individual doing the work. This manual provides general directions for accomplishing service 
and repair work with tested, effective techniques. Following them will help assure reliability. 


There are numerous variations in procedures, techniques, tools, and parts for servicing vehicles, as well as in the skill of the 
individual doing the work. This manual cannot possibly anticipate all such variations and provide advice or cautions as to each. 
Accordingly, anyone who departs from instructions provided in this manual must first establish that he compromises neither his 
personal safety nor the vehicle integrity by his choice of methods, tools or parts. 


As you read through the procedures, you will come across NOTES, CAUTIONS, AND WARNINGS. Each one is there for a 
specific purpose. NOTES give you added information that will help you to complete a particular procedure. CAUTIONS are 
given to prevent you from making an error that could damage the vehicle. WARNINGS remind you to be especially careful in 
those areas where carelessness can cause personal injury. The following list contains some general WARNINGS that you 
should follow when you work on a vehicle. 


Always wear safety glasses for eye protection. To prevent serious burns, avoid contact with hot metal 
parts such as the radiator, exhaust manifold, tail pipe, cat- 


Use safety stands whenever a procedure requires you to alytic converter and muffler. 


be under the vehicle. 


Be sure that the ignition switch is always in the OFF posi- a ee en ee 


tion, unless otherwise required by the procedure. 


Set the parking brake when working on the vehicle. If you 
have an automatic transmission, set it in PARK unless 
instructed otherwise for a specific service operation. If 
you have a manual transmission, it should be in 
REVERSE (engine OFF) or NEUTRAL (engine ON) 
unless instructed otherwise for a specific service opera- 
tion. 


Operate the engine only in a well-ventilated area to avoid 


To avoid injury, always remove rings, watches, loose 
hanging jewelry, and loose clothing before beginning to 
work on a vehicle. Tie long hair securely behind your 
head. 


Keep hands and other objects clear of the radiator fan 
blades. Electric cooling fans can start to operate at any 
time by an increase in underhood temperatures, even 
though the ignition is in the OFF position. Therefore, care 
should be taken to ensure that the electric cooling fan is 


the danger of carbon monoxide. completely disconnected when working under the hood. 
Keep yourself and your clothing away from moving parts 
when the engine is running, especially the fan and belts. 


The recommendations and suggestions contained in this manual are made to assist the dealer in improving his dealership parts and/ 
or service department operations. These recommendations and suggestions do not supersede or override the provisions of the 
Warranty and Policy Manual or the Shop Manual and in any cases where there may be a conflict, the provisions of the Warranty and 
Policy Manual or the Shop Manual shall govern. 


The descriptions, testing procedures, and specifications in this handbook were in effect at the time the handbook was approved 
for printing. Ford Motor Company reserves the right to discontinue models at any time, or change specifications, design, or 


testing procedures without notice and without incurring obligation. Any reference to brand names in this manual is intended 
merely as an example of the types of tools, lubricants, materials, etc. recommended for use. Equivalents, if available, may be 
used. The right is reserved to make changes at any time without notice. 


WARNING: Many brake linings contain asbestos fibers. When working on brake components, avoid breathing the dust. Breathing the 
asbestos dust can cause asbestosis and cancer. 


Breathing asbestos dust is harmful to your health. 


Dust and dirt present on car wheel brake and clutch assemblies may contain asbestos fibers that are hazardous to your health when 
made airborne by cleaning with compressed air or by dry brushing. 


Wheel brake assemblies and clutch facings should be cleaned using a vacuum cleaner recommended for use with asbestos fibers. 
Dust and dirt should be disposed of in a manner that prevents dust exposure, such as sealed bags. The bag must be labeled per OSHA 
instructions and the trash hauler notified as to the contents of the bag. 


If a vacuum bag suitable for asbestos is not available, cleaning should be done wet. If dust generation is still possible, technicians 
should wear government approved toxic dust purifying respirators. 


OSHA requires areas where asbestos dust generation is possible to be isolated and posted with warning signs. Only technicians 
concerned with performing brake or clutch service should be present in the area. 


Produced and Coordinated by 
Mark A. Carpender 
Training and Publications Department 


Copyright © 1988 Ford Motor Company Ford Parts and Service Division 


FORD ELECTRONIC STEERING AND SUSPENSION SYSTEMS 


The content of this Comprehensive Training Pro- 
gram Manual has been compiled by the Ford 
Parts and Service Division. It provides informa- 
tion on the design, diagnosis and service of Ford 
Electronic Steering and Suspension Systems to 
assure technician understanding of these auto- 
motive design concept. 


This manual is intended for use by technicians 
involved in automotive service that includes 
steering and suspension systems. For additional 
information on servicing and testing Ford Elec- 


tronic Steering and Suspension Systems refer to 
the Ford Shop Manual for the vehicle model 
involved. 


This CTP Manual is divided into 2 major sec- 
tions. The first covers Electronic Steering, the 
second covers Electronic Suspension. Each sec- 
tion is divided into segments covering different 
topics that relate to Steering or Suspension 
including descriptions of each system along with 
pertinent diagnostic techniques. 
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ELECTRONIC STEERING SYSTEMS 


Conventional power steering systems are 
designed to provide the driver of a vehicle with a 
certain degree of assist to help in turning the 
steering wheel. This can be of great help during 
low speed driving, parking and evasive maneu- 
vers at any speed. A disadvantage of power steer- 
ing is the fact that drivers have reduced road feel, 
especially at medium to high speeds where it is 
desirable for a feeling of increased control and 
performance. Conventional power steering sys- 
tems are typically compromises between these 
two extremes. If they provide high power assist, 
there is reduced road feel; if they provide excel- 
lent road feel there is reduced power assist. 
Through the utilization of electronic controls on 
the power steering system, the best of both 
worlds can be attained. 


Electronic steering systems are basically steer- 
ing systems that contain a solid state device that 
in some manner controls the rate of power assist 
provided to the driver. The solid state device is 
typically called a module and is mounted some- 
where within the vehicle, not on the steering 
gear. 


WORMSHAFT 
(TURNED BY STEERING 
WHEEL) 


There are several methods used to vary the 
amount of power assist. These are discussed in 
the descriptions of the different systems. Simi- 
larities in the systems are primarily in the basic 
type of steering system used and the information 
required by the control module to determine how 
much assist is required. 


BASIC POWER STEERING SYSTEMS 


Power steering systems can be divided into two 
types based on the style of steering gear utilized. 
The two basic types of steering gears are: 


е Recirculating Ball 
e Rack and Pinion 


Recirculating Ball Steering System 


The recirculating ball type steering gear (Fig. 1) 
was, at one time, the exclusive style of steering 
gear. Now it sees its primary use on light trucks 
and some larger passenger cars. 


INTERNAL RACK 


SECTOR SHAFT 


Figure 1 — Recirculating Ball Type Steering Gear 
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Figure 2 — Rack and Pinion Steering Gear 


This steering gear is fairly complex. It converts 
rotary motion from the steering wheel to linear 
motion on an internal rack, which in turn con- 
verts the motion back to rotary motion for the 
sector shaft. 


RECIRCULATING BALL 
STEERING GEAR 


Rack and Pinion Steering Gear 


The rack and pinion steering gear (Fig. 2) is a 
simpler design than the recirculating ball type 
gear. This simplicity can be attributed to fewer 
parts and that the rotary motion of the steering 
wheel is turned into linear motion by the rack 
and pinion. Note that the pinion gear is at an 
approximate right angle to the steering rack. As 
it turns, the gear output becomes linear. 


A special point about the rack and pinion design 
is that it reduces the amount of linkage required 
to complete the attachment to the front wheels. 
The illustration shown above includes the tie rod 
ends, which attach directly to the steering 
knuckles. This is a much simpler linkage than is 
typically required for a recirculating ball type 
steering gear system (Fig. 3). 


All current Ford Motor Company electronic 
steering systems use the rack and pinion steer- 
ing system. The basic reason for this is that 
because electronics in themselves are very pre- 
cise. They require a precise steering system with 
very little play or clearance to reach their full 
designed potential. The rack and pinion steering 
system fits this requirement. 


LINKAGE 


Figure 3 — Conventional Steering Linkage 
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ADAPTATION OF COMPUTER CONTROL ON 
POWER STEERING 

The adaptation of computer control to steering is 
meant to accomplish two basic customer needs. 
They are: 


1. Provide positive road feel at high speeds, in 
effect reducing the amount of power assist. 


2. Provide full assist when the driver needs it. 
This could occur at low or high speed. For 
example, full assist is needed at low speed 
during parking. At high speed full assist 
would be desirable during evasive 
maneuvers. 


The primary components of the system are input 
sensors, a module and output devices (Fig. 4). The 
inputs sensors provide information to the module 
which in turn makes steering related decisions 
which are put into effect by the actuating device. 


INPUTS 


OUTPUT 


Figure 4 — Basic Steering System Schematic 


Module Function and Primary Input Devices 


The primary duty of the module (Fig. 5) that con- 
trols the steering system is to determine how 
much assist is required by the driver. To perform 
this function, the module must receive very spe- 
cific information. The primary input to the steer- 
ing system control module is vehicle speed. This 
is because increased assist is generally desirable 
at low speed and reduced assist is desirable as 
speed increases to provide improved road feel. To 
determine the amount of assist the module must 
know how fast the vehicle is travelling. 


This signal is supplied by a speed sensor which 
sends an output current to the computer that 
changes linearly with speed. The faster the sen- 


sor turns, the higher the milli-amp output. On 
the other hand, as speed is reduced the current 
decreases at the same linear rate. 


Generally, the speed sensor is mounted at the 
output of the transmission or transaxle. 


NOTE: On the Probe GT, the speed sensor is 
integral with the speedometer in the instru- 
ment cluster. 


In addition to speed there can be another input 
for steering and that is steering wheel rotation. 
A point to note is that not all Ford electronic 
steering applications use this input. 


The steering wheel rotation input informs the 
module of steering wheel position so that it can 
calculate lateral acceleration. Also, it informs 
the module of the steering wheel turning rate 
providing an input that indicates when the steer- 
ing wheel is turned rapidly, such as during a 
high speed evasive maneuver. Increased assist 
would be desirable during instances of high lat- 
eral acceleration or rapid steering wheel rota- 
tion. 


CONTROL MODULE 
ASSEMBLY 


Figure 5 — Steering System Control Module 


INTEGRAL 


TWO-PIECE DESIGN 


ESIGN 


Figure 6 — Steering Wheel Rotation Sensors 


Steering wheel sensors (Fig. 6) are optical photo 
cells that measure the rate at which the steering 
wheel is turned and can also determine when the 
steering wheel is in its center position. The rate 
of steering wheel movement is measured when 
the sensor ring slits go past the photo cell. The 
output signal to the module is low when there is 
slow steering wheel movement. If steering wheel 
movement is rapid, the output signal increases 
linearly with steering wheel RPM. 


The steering wheel sensor is mounted in the 
steering column. Note that some steering sen- 
sors have the photocell and sensor ring as an 
assembly and others have the photocell and ring 
as separate pieces. 


Actuating Devices 


The actuating device is the component that puts 
decisions made by the module into effect by con- 
trolling the amount of power assist. Actuating 
devices are also the major component that differ- 
entiate the electronic steering systems. The oper- 
ation of the actuating devices will be covered 
with each individual system. 


CURRENT ELECTRONIC STEERING SYSTEMS 
OPERATION 


This section covers the electronic steering sys- 
tems currently offered by Ford Motor Company. 
The systems are: 


ELECTRONIC STEERING SYSTEMS 


e Variable Assist Power Steering (VAPS) — First 
introduced on the 1988 Lincoln Continental. 


е Speed Sensitive Variable Assist (EVO) Power 
Steering — Originally introduced on the 1989 
Thunderbird and Cougar models. EVO stands 
for Electronic Variable Orifice. 


e Variable Assist Power Steering — Originally 
introduced on the 1989 Probe GT. 


Basically there are two methods of electronically 
controlling steering. The first utilizes actuating 
devices mounted on the steering gear. This type 
of system is found on the Continental and Probe 
GT. The second type of system relies on an actu- 
ating device mounted on the power steering 
pump. This type of system is found on the Thun- 
derbird/Cougar models. 


Continental Variable Assist Power Steering 


The Variable Assist Power Steering System was 
first used on the Continental in 1988. Its pri- 
mary purpose was to eliminate the traditional 
power steering performance “сотрготіѕе””. It 
accomplished this by requiring low steering 
effort from the operator of the vehicle for 
parking/low speed driving maneuvers and pro- 
gressively higher effort as the vehicle’s speed 
increased. Excellent road feel and precision 
steering response were a direct result of the 
implementation of this system. 


Description 


The Variable Assist Power Steering System is 
comprised of a microprocessor-based electronic 
control module, a special power rack-and-pinion 
steering gear, and an actuator valve assembly 
mounted on the power steering gear. The steer- 
ing gear contains a modified conventional rotary 
valve in the steering gear, except that the valve 
has two independent hydraulic circuits (primary 
and secondary. If you are unsure of the purpose of 
the rotary valve in the steering gear, the follow- 
ing note provides an explanation. 


ұғ 


ELECTRONIC STEERING SYSTEMS 
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Figure 7 — Typical Rotary Valve Operation 


NOTE: All Ford steering gears use a rotary 
valve to direct hydraulic flow to the pistons 
within the steering gear. The valve consists 
of an inner and outer spool and a torsion bar 
that reacts to the movement of the steering 
wheel (Fig. 7) When the steering gear is in 
the straight-ahead position, the rotary valve 
is centered. Hydraulic flow from the pump 
enters the outer valve body from the hous- 
ing ports. The valve spool is positioned so 
that the ports to both the left and right 
return passages are open. This maintains a 
constant pressure on both sides of the piston 
to aid in absorbing road shock. The ports are 
also open to the fluid return circuit so a con- 
tinuous flow is maintained in the system. 


When the steering wheel is turned to the left, the 
torsion bar twists, allowing the spool to change 
position relative to the valve body. When this 


occurs, the lands on the spool restrict hydraulic 
flow to the right turn side of the piston and open 
the circuit to the return line. At the same time, 
the left turn supply port is opened wider and the 
return port is partially cut off. This restricts flow 
from the pump causing system pressure to rise. 
A pressure differential is created on either side of 
the piston that forces the piston to move in the 
direction of steering wheel rotation. This move- 
ment is felt by the driver as a reduction in turn- 
ing effort. 


When the steering wheel is released, the valve 
spool returns to center. Pressure on either side of 
the piston equalizes allowing vehicle momentum 
and front end geometry to force the piston back 
to its centered position. When the wheel is 
turned to the right, the process is reversed to 
apply the pressure advantage to the right turn 
side of the piston. 
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Figure 8 — Variable Assist Power Steering System 
Electrical Schematic 


Operation 


During parking and low speed maneuvers, the 
flow from the pump is routed entirely through 
the primary circuit by an electrically controlled 
actuator valve assembly. As the vehicle’s speed 
increases, the actuator valve gradually opens. 
This allows an increasing amount of fluid flow to 
be diverted to the secondary circuit which varies 
the steering effort required by the operator. This 
valve is really two valves built into one. A high 
effort valve, for high vehicle speeds, and a low 
effort valve, for low vehicle speeds are combined 
to provide the varying steering assist levels. 


A computer module controls the actuator assem- 
bly based on input from the vehicle speed sensor. 
The actuator assembly then uses an electric step- 
per motor to vary the position of the spool valve. 
This directs fluid flow to either the primary or 


secondary inlet ports. The variable assist is pro- 
grammed to change gradually from low efforts to 
high efforts between approximate vehicle speeds 
of 10 and 55 MPH. The variation in vehicle steer- 
ing efforts will be perceived as a continuous func- 
tion by the operator. 


As an added feature, the Variable Assist Power 
Steering module is programmed to perform a self 
diagnostic check at specific intervals. When a 
problem is detected, the module microprocessor 
deactivates and allows normal power steering 
operation. The module is mounted to the steer- 
ing column support bracket. 


An important point to note is that the major 
input to the module is provided by the vehicle 
speed sensor (Fig. 8). A sensor that monitors 
steering wheel rotation is not utilized for steer- 
ing (there is one for the suspension system). 
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Probe GT Variable Assist Power Steering 
System 


The Probe GT Variable Assist Power Steering 
System is similar to the Continental only in that 
the actuating device is mounted on the steering 
gear. The steering effort required is determined 
according to the oil pressure applied to the reac- 
tion force chamber on the steering gear actuat- 
ing device (Fig. 9) 


The pressure within the reaction force chambers 
is determined by the control module through a 
solenoid valve (also mounted on the steering 
gear). The control module determines how much 
steering assist is required through inputs from a 
speed and steering wheel rotation sensor. 


Operation 


Power steering fluid is fed into the actuator 
where it flows to the reaction force chamber and 
through an orifice to the solenoid valve. At the 
same time the fluid is fed into the reserve tank or 
power cylinder according to the movement of the 


spool valve. The solenoid valve then controls the 
fluid to the reserve tank. 


When the pinion gear is rotated, the lever pivots. 
Consequently the spool valve is moved, overcom- 
ing the spring pressure and pressure in the reac- 
tion force chamber. Note that the steering effort 
to the driver is influenced by the amount of pres- 
sure within the reaction force chambers — Not by 
the overall fluid pressure applied to the steering 
gear piston. 


Actuating Device 


The actuating device (or control valve) consists of 
the following items: 


е Valve case 

е Spool Valve 

е Lever 

е Reaction Force Chambers and Springs 
е Pinion Shaft 


STEERING ANGLE 
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RESERVE 
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Figure 9 — Probe GT Variable Assist Power Steering 
System 
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Figure 10 — Steering Gear System Operation 


The spool valve is connected to the pinion shaft 
by the lever. The springs and pressure in the 
reaction force chambers are used to keep the 
spool valve in its neutral position. 


Solenoid Valve Operation 


The solenoid valve controls fluid pressure in the 
reaction force chambers. When the solenoid 
valve receives a high electrical current from the 
control unit, the solenoid overcomes spring pres- 
sure (Fig. 10). As a result the passage from the 
reaction force chamber to the tank becomes 
larger. 


The reaction force chamber’s oil pressure then 
decreases and the amount of power assist is 
increased. 


When a low electrical current is received from 
the module, spring pressure overcomes the sole- 
noid, and the passage between the reaction force 


chamber and the tank becomes smaller. As a 
result, the reaction force chamber’s oil pressure 
increases, and the amount of power assist is 
decreased. During low speed driving, when oil 
pressure in the reaction force chamber is low, the 
spool valve moves easily and the required steer- 
ing effort is lessened. 


At higher speeds, the oil pressure of the reaction 
force chamber is increased, the spool valve moves 
with difficulty, and the required steering effort is 
increased. 


A final point to note is that the Probe GT Varia- 
ble Assist Power Steering module is programmed 
to perform a self diagnostic check at specific 
intervals. When a problem is detected, the mod- 
ule microprocessor will deactivate and allow nor- 
mal power steering operation. The module is 
mounted beneath the passenger seat. 
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Thunderbird/Cougar EVO Steering System 


For the 1989 model year all Thunderbird and 
Cougar models except for the base Thunderbird 
feature a new speed-sensitive electronic variable 
assist power rack and pinion steering system. 
This system provides much improved steering 
feel compared to the design used in previous 
models. The system is referred to as the EVO. 
This is because of the Electronic Variable Orifice 
that is the controlling component of power steer- 
ing flow. The fact that the EVO is placed on the 
power steering pump sets it apart from the 
Continental and Probe GT, both of which have 
the actuating device on the steering gear. 


System Description 


System operation is similar to both the 
Continental and Probe GT in that the system 
provides the driver with increased steering effort 
at high speeds for improved road feel. At low 
speed steering effort is reduced to provide for 
improved low-speed maneuvering, such as park- 
ing. In the EVO system, full steering assist is 
provided at low speed. As speed increases, steer- 
ing effort is increased throughout the entire driv- 
ing range, all the way up to 80 miles per hour 
(above 80 miles per hour, effort becomes con- 
stant). 


The objective of the EVO system is to adjust the 
steering effort for optimized feel. This is accom- 
plished through the use of the EVO device on the 


power steering pump. With the EVO, steering 
effort is continually calculated based on vehicle 
speed. Some important points to note about the 
system include: 


е Full assist is returned at higher speeds during 
evasive maneuvers. 


ФА “fail safe” feature is designed into the EVO 
system. In the event of an electrical circuit 
malfunction, such as circuit open, shorted, or 
controller failure, etc., the EVO provides full 
power steering assist during such failure 
modes. A point to note is that prolonged oper- 
ation under such conditions may cause exces- 
sive system temperature and may overheat the 
system. 


е Service diagnostics are designed into the con- 
trol module to provide for greater ease in trou- 
bleshooting. 


Major Components 


The EVO system is made up of a control module 
that receives information from a speed sensor 
and a steering wheel rotation sensor. The control 
module processes this information and signals 
the actuator (EVO) as to the amount of assist 
required. The EVO in turn varies the flow from 
the CII power steering pump to provide variable 
assist. 
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Figure 11 — System Component Locations 


The major components (Fig. 11) include: 


е EVO Actuator Assembly — Attached to the Cll 
power steering pump. 


е Steering Wheel Rotation Sensor — Lower 
steering column. 


е Vehicle Speed Sensor — On tailshaft of trans- 
mission. 


е Service Diagnostic Connector — Upper glove 
compartment (Thunderbird LX and Cougar LS 
only). 


NOTE: The EVO system in the 
Thunderbird Super Coupe and Cougar 
XR7 is integrated with the Automatic 
Ride Control System. Use the Pro- 
grammed Ride Control System diagnostic 
connector to access codes for the EVO sys- 
tem. The diagnostic connector is located 
beneath the hood on the right shock tower. 
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е Control Module — Located in the Luggage 
Compartment on Thunderbird LX and Cougar 
LS with Anti-Lock Braking System — Inside 
the module tray, located in the luggage com- 
partment, behind the driver’s side back seat. 


— Cougar LS without Anti-Lock Braking 
System - 
Mounted with a bracket under the left 
rear speaker opening, immediately below 
the package tray. 


— Thunderbird Super Coupe and Cougar XR7 - 


This control module is integrated with 
the Automatic Ride Control System. The 
Control module is located in the luggage 
compartment on the module tray. 


ELECTRONIC STEERING SYSTEMS 


Figure 12 — Steering Wheel Rotation Sensor 


Component Descriptions 


Steering Wheel Rotation Sensor (Fig. 12) — This 
sensor is an optical photo cell, mounted on the 
steering column and is used to establish the rate 
of the steering wheel rotation. When the steering 
wheel rotation rate reaches 15 RPM (revolutions 
per minute), the output current to the EVO actu- 
ator begins to reduce, thereby providing addi- 
tional power steering assist. Once the steering 
wheel rotation rate reaches 100 RPM or greater, 
the output current to the actuator reaches zero, 
and full power steering assist is provided. After 
the steering wheel rotation rate drops below 15 
RPM, the output current returns to the amount 
of current regulated by the speed sensor input, 
within one second. In addition to the EVO sys- 
tem , the steering wheel rotation sensor is used 
in the Automatic Ride Control System (Super 
Coupe and XR7). 


Vehicle Speed Sensor (Fig. 13) — The vehicle 
speed sensor is also used as an input in the Auto- 
matic Ride Control System and is located on the 
transmission. It is used to establish the vehicle 
speed. The output current to the EVO actuator is 
a function of vehicle speed and the steering 
wheel rotation rate. When vehicle speed is 5 mph 
or less, the actuator output current is 0 mA (milli- 
amps) and full steering assist is provided. As the 
vehicle speed increases to 20 MPH, the current 
increases linearly to 225 mA. As the vehicle speed 
continues to increase up to 80 MPH, the current 
increases linearly to 550 mA. The current then 
remains constant at 550 mA. for vehicle speed 
greater than 80 MPH. Conversely, as vehicle speeds 
decrease the current decreases at the same linear 
rate. 


Figure 13 — Vehicle Speed Sensor 


ELECTRONIC STEERING SYSTEMS 


TERMINAL 


ARMATURE 


TUBE 
HOUSING END BEARING 


MAGNET WIRE 


TO 
PRESSURE BANJO 
HOSE 


|| 


FITTING 


PINTLE 


ORIFICE 


FLUID 
FROM P/S PUMP 


FITTING 


Figure 14 — EVO Actuator Assembly 


EVO Actuator Assembly (Fig. 14) — The actuator 
generates a differential pressure, dependent on 
flow and current input. This differential pressure 
is used to control the spool valve in the present 
Ford CII power steering pump. The actuator 
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assembly replaces the Power Steering Pump 
Valve Outlet (30593). The actuator/spool valve 
regulates the hydraulic flow and when combined 
with a current controlling device yields a varia- 
ble assist power steering system. 


ELECTRONIC STEERING SYSTEMS 


T-BIRD LX AND 


COUGAR LS WITH 
ANTI-LOCK BRAKING SYSTEM 
SHOWN INSTALLED 


CONTROL 
MODULE 


AUXILIARY 
VIEW 


FOR COUGAR LS 
WITHOUT ANTI-LOCK 
BRAKING SYSTEM 


Figure 15 — Control Module 


Control Module (Fig. 15) — The control module 
contains a microprocessor which analyzes the 
vehicle speed sensor input and steering wheel 
rotation sensor input continuously. With this 
information, the microprocessor controls the 
actuator valve, thereby regulating the fluid flow 
from the power steering pump. 


At low vehicle speeds (5 MPH or less), the actua- 
tor valve is controlled to provide full pump flow 


for full power steering assist (Fig. 16). At higher 
vehicle speeds, the actuator valve is controlled to 
reduce pump flow and reduce the power steering 
assist. For evasive maneuvering at high speeds 
(steering wheel rotation rate goes above 15 
RPM), the actuator valve is controlled to increase 
the pump flow, thereby increasing power steering 
assist. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
X3 


ға 
о 
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VEHICLE SPEED-MPH 


Figure 16 — Vehicle Speed vs Actuator Output 
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ELECTRONIC STEERING SYSTEMS 


Figure 17 — Continental 


CONCLUSION OF SYSTEM DESCRIPTIONS 


So far in this manual the three major electronic 
steering systems used by Ford Motor Company 
have been discussed. Let’s review the primary 
features of each system prior to examining diag- 
nostic procedures. 


Continental 


In this application (Fig. 17) the following points 
should be remembered: 


е The actuating device is mounted on the steer- 
ing gear. 


е Steering assist is varied by channeling fluid 
pressure to different hydraulic circuits in the 
steering gear. 


e Steering assist is based only on vehicle 
speed. 


ELECTRONIC STEERING SYSTEMS 


Figure 18 — Probe GT 


Probe GT 


In this application (Fig. 18) the following points 
should be remembered: 


е The actuating device is mounted on Ше steer- 
ing gear. 


e Steering assist is varied by bleeding fluid at 
different rates from the reaction chambers in 
the actuator. 


е Fluid pressure to the steering gear is по! геди- 
lated by the actuating device. 


e Steering assist is based on vehicle 
speed. 


ELECTRONIC STEERING SYSTEMS 


THUNDERBIRD 


Figure 19 — Thunderbird/Cougar 


Thunderbird/Cougar 
In this application (Fig. 19) the following points 
should be remembered: 


е The actuating device is mounted on the power 
steering pump. 


e Steering assist is varied by changing the ori- 
fice size within the EVO actuator. 


ө Steering assist is based on vehicle speed and 
steering wheel rotation. 


16 


STEERING SYSTEM DIAGNOSTICS 


This section details the steps and procedures 
required to properly diagnose malfunctions 
within the electronic steering system. In addi- 
tion, special tools, diagnostic tool attachment 
and connector locations will be highlighted. 


Typical Conditions To Look For 


Electronic steering systems do not often fail or 
perform improperly. If there is a malfunction 
that occurs, it will typically be noticed by a 
change in steering effort, such as a customer 
comment that the system provides full assist 
even at higher speeds or that assist is not consist- 
ent. 


ELECTRONIC STEERING SYSTEMS 


Instances of a complete failure of the power steer- 
ing system where there is no assist provided are 
not usually electronically related. This is 
because the electronic portions of the power 
steering systems are designed to provide full 
assist in the event of a component failure or sys- 
tem malfunction. In the event of a complete fail- 
ure, make sure that the mechanical portions of 
the system are in good condition and there is ade- 
quate fluid in the reservoir before suspecting the 
electronic portion of the steering system. 


Another important point to note is that each of 
the electronic steering systems can be easily self 
tested to pinpoint specific malfunctions or failed 
components/circuits. 


Continental Variable Assist Power Steering 
System Diagnostics 


Self-Test on the Continental Variable Assist 
Power Steering System is accomplished at the 
diagnostic connector located in the engine com- 
partment near the brake fluid reservoir and 
brake booster (Fig. 20). The system is self-tested 
using digital and analog volt-ohm meters. 


Figure 20 — Continental Diagnostic Connector 
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Figure 21 — Code Pattern (Voltmeter Sweeps) 


The test has two parts and provides diagnostic 
information by pulsing the voltmeter (Fig. 21). 


ELECTRONIC STEERING SYSTEMS 


PINPOINT TEST A: VARIABLE ASSIST POWER STEERING ELECTRICAL COMPONENT DIAGNOSIS 


Turn ignition switch to OFF. Voltage reads 11V-14V GO to A2. 


Locate test connector 14489 in engine compartment 
near brake booster Voltage reads zero GO to A3. 


Connect DVOM positive lead (red) to Circuit No. 606 
and negative lead (black) to vehicle ground. 


Position DVOM where it can be observed. 
Start engine. 
Observe voltage reading on DVOM. 


Efforts Number of 
Turn ignition switch to OFF. Change? Sweeps 


Connect an Analog voltmeter as in Step А1. Yes GO to A4 


Use jumper wire and ground Circuit No. 200. 
No GO to А12. 


No GO to A7. 


No GO to А12. 


Start engine. 


Rotate steering wheel for approximately 90 seconds 
noting any changes in steering effort. The effort 
required to turn the steering wheel should vary 
between light and heavy in both directions. 


After approximately 90 seconds, voltmeter will show a 
sweep pattern four times between battery voltage and 
zero if module proveout is OK. Six or zero sweeps if 
a system component is malfunctioning. After a five 
second pause, the sweep pattern will be repeated. 


Inspect fuse located in fuse panel on LH side below Fuse good GO to А16. 
instrument panel. 
REPLACE fuse. 
Fuse blown GO to А1. 
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ELECTRONIC STEERING SYSTEMS 


e Ensure VAPS system is connected. 
• Drive vehicle up to 55 M.P.H. 


е Do steering efforts change and is effort balanced 
(left vs. right turn direction). 


While driving vehicle, note operation of 
speedometer 


е Note operation of speedometer (from Step А4). 


The VAPS system requires a speed signal from the 
vehicle speed sensor. If the speedometer or speed 
control does not work, these systems should be 
serviced using the appropriate diagnostic and 
service procedures. 


е Disconnect VAPS connector from module 


е Connnecct DVOM across Circuits No. 150 and 
No. 563. 


е Measure resistance 


HARNESS 606 
CONNECTOR 


Change in steering 
effort 


No change in steering 
effort 


Efforts unbalanced 
left to right 


Speedometer is 


operating properly 


Speedometer does not 
operate properly 


Resistance is between 
150-225 ohms. 


Resistance is less 
than 150 or greater 
than 225 ohms. 
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PINPOINT TEST A: VARIABLE ASSIST POWER STEERING ELECTRICAL COMPONENT DIAGNOSIS - Continued 


Diagnostics complete 
system is OK. 


GO to А5. 


REPLACE steering gear 
assembly. REPEAT А4. 


REPAIR as required. 
GO to А4. 


REPLACE VAPS 
module. GO to А4. 


SERVICE harness. 
GO to А4. 


ELECTRONIC STEERING SYSTEMS 


PINPOINT TEST A VARIABLE ASSIST POWER STEERING ELECTRICAL COMPONENT DIAGNOSIS - Continued 


Turn ignition switch to OFF. Resistance between GO to A8. 
Disconnect VAPS harness connector from module. 43 and 70 ohms 
Connect DVOM to Circuits No. 495 and No. 496. Resistance less than GO to А10. 


Measure resistance. 43 04 greater than 70 


HARNESS CONNECTOR 


Connect DVOM to Circuits No. 497 and 498. 
Measure resistance. 


Turn ignition switch to OFF. Voltage check OK 


Verify that VAPS connector is connected to VAPS 
module. 


Disconnect actuator connector from VAPS harness One or more voltage REPLACE VAPS 
connector. readings not as module. 


Turn ignition switch to RUN. specified GO to A2. 


Wait five seconds. 


Measure D.C. voltage between Circuit No. 495 and 
ground. Then measure voltage between Circuit No. 
496 and ground. 


One of these two circuits should be greater than 10 
volts and the other less than 2 volts. 


Repeat the two steps above for Circuit No. 497 
and 498. 


HARNESS 
CONNECTOR 
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ELECTRONIC STEERING SYSTEMS 


м 


Turn ignition switch to OFF. Spring moves 


Remove actuator. Refer to removal procedure in 
this section 


Reconnect actuator connector to VAPS harness Spring does not move 
connector 


Attach DVOM to diagnostic connector (near brake 
booster) as shown. 


Turn ignition switch to ON. 


The module will go through a diagnostic check, 
consisting initially of the 90 second efforts change 
sequence. 


И the actuator is mechanically operable, the actuator 

valve will move between its two limits of travel. This 

movement can be detected by watching the valve 
ж spring expand and relax between the travel limits. 


SPRING 


ACTUATOR 
ASSY 


Turn ignition switch to OFF. Resistance between 
43 and 70 ohms. 


Disconnect actuator connector from harness 
connector. 


Connect DVOM to Circuits No. 495 and No. 496. Resistance less than 
43 or greater than 70 


Measure resistance. 
ohms 


Connect DVOM to Circuits No. 497 and No. 498 
Measure resistance. 
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PINPOINT TEST A VARIABLE ASSIST POWER STEERING ELECTRICAL COMPONENT DIAGNOSIS - Continued 


REPLACE steering gear 
assembly. GO to A2. 


REPLACE ACTUATOR. GO 
to A2. 


GO to А11. 


REPLACE actuator. GO 
to A2. 


ELECTRONIC STEERING SYSTEMS 


PINPOINT TEST A VARIABLE ASSIST POWER STEERING ELECTRICAL COMPONENT DIAGNOSIS - Continued 


Turn ignition switch to OFF. All circuits check OK. GO to A9. 


Disconnect module connector from module. Circuit fails continuity 


Check continuity of Circuit 495 from module check 


connector to actuator connector. 


Repeat for Circuits 496, 497 and 498. НЕЕ 


Go to А2. 


Turn ignition switch to OFF. Resistance between GO to А13. 


Disconnect VAPS connector from module. 0 and 15 ohms 


Connect positive lead of DVOM to Circuit No. 57 
and negative lead to ground Resistance greater SERVICE harness. 


than 15 ohms REPEAT А12. 


Measure resistance. 
NOTE: all doors and 
hood must be closed 
for proper resistance 
readings 
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ELECTRONIC STEERING SYSTEMS 


PINPOINT TEST A VARIABLE ASSIST POWER STEERING ELECTRICAL COMPONENT DIAGNOSIS - Continued 


* Disconnect VAPS connector from module. Voltage readings near GO to А14. 


е Connect DVOM as shown. given values 


One or more SERVICE harness. 
resistance Repeat to A13. 


values not near given 
values 


е Turn ignition switch to ON. 


е Measure voltage at each circuit, (Circuit No. 57 to 
ground). 


Row Circuit No. Function 


Top 298 Power 

Top 200 Diagnostic 

Top 497 Actuator 

Top 498 Actuator 

Top 150 Speed Sensor 

Top 495 Actuator 
Bottom 606 Diagnostic 
Bottom 57 Ground 
Bottom 563 Speed Sensor 
Bottom 496 Actuator 
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ELECTRONIC STEERING SYSTEMS 


PINPOINT TEST A VARIABLE ASSIST POWER STEERING ELECTRICAL COMPONENT DIAGNOSIS - Continued 


е Turn ignition switch to OFF. Resistance values GO to А15. 


е Measure resistance between Circuit No. 57 ground near given value 


and all other indicated circuits. 


* Connect DVOM as shown One or more SERVICE harness. 
resistance 
values not near given GO to A2. 
values 
* Measure resistance of each circuit, by moving positive 
lead. 
Typical 
Row Circuit No. Function Value ( ) 
Top 298 Power 3.6 
Top 200 Diagnostic Open 
Top 497 Actuator Open 
Top 498 Actuator Open 
Top 150 Speed Sensor 195 
Top 495 Actuator Open 
Bottom 606 Diagnostic Open 
Bottom 563 Speed Sensor 0.6 
Bottom 496 Actuator Open 
е Connect VOM to Circuits No. 495 and Мо. 496 Resistance between REPLACE VAPS 
е Measure resistance ін ыы саат 
200 150 
298 497 495 
Resistance less than SERVICE harness or 
= 43 or greater than 70 connectors 
O_O AO) O ohms GO to A2. 
Р Ф000 60 


606 HARNESS 57 563 496 
CONNECTOR 


е Connect VOM to Circuits No. 497 and 498. 
е Measure resistance. 
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ELECTRONIC STEERING SYSTEMS 


и PINPOINT TEST A VARIABLE ASSIST POWER STEERING ELECTRICAL COMPONENT DIAGNOSIS - Continued 


е Turn ignition switch to OFF. 
Disconnect VAPS connector from module. 


Connect positive lead of DVOM to Circuit No. 57 
and negative lead to ground. 


Measure resistance. 


ғ, е Connect positive lead of DVOM to Circuit No. 298 
and negative lead to Circuit No. 57. 


Turn ignition switch to ON. 
Measure voltage 
Turn ignition switch to OFF. 


е Check continuity of Circuit No. 606 from diagnostic 


Resistance between 0 GO to А17. 


and 15 ohms 


SERVICE harness. 
GO to А1. 


Resistance greater 
than 15 ohms 


NOTE: All doors and 
hood must be closed 
for proper resistance 
readings. 


GO to А18. 


Service harness. 
GO to А1. 


Circuit No. 606 is OK REPLACE module. 


GO to А1. 


Circuit No. 606 is BAD SERVICE Circuit No. 606. 


GO to А1. 
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ELECTRONIC STEERING SYSTEMS 


Figure 22 — Probe GT Electronic Steering Module 


Probe GT Variable Assist Power Steering 
System Diagnostic Procedures 


The self-test procedure on the Probe GT is fairly 
complicated in that there are three separate por- 
tions to the test. Prior to performing any diagnos- 
tics on the steering system it is important to note 
a switch setting on the electronic steering mod- 
ule (Fig. 22). 


The switch has three settings H for hard, N for 
normal and L for light. The H setting makes 
steering effort approximately 10% higher than 
the normal setting, whereas the L setting makes 
the steering effort about 10% lighter than nor- 
mal. Check the switch setting before attempting 
repairs or diagnosis because the customer com- 
plaint may be remedied by providing a different 
steering feel. 
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To perform the self-test on the Probe GT elec- 
tronic steering system, the electronic steering 
diagnostic connector is utilized (Fig. 23). This 
connector is located in the engine compartment 
near the windshield wiper motor. To perform 
diagnostics an analog voltmeter must be 
attached to the connector. The positive lead goes 
to the yellow/black wire terminal and the nega- 
tive lead goes to the black wire terminal. 


NOTE: The diagnostic connector is also used 
for performing the self-test on the electronic 
suspension system. That is what the 
blue/white wire is for. The voltmeter must 
be properly hooked up on the connector to 
receive the correct code readout. 


ELECTRONIC STEERING SYSTEMS 


The three tests that make up the self-test are 
designed to test the system under different oper- 
ating conditions. Here are the steps that are 
involved in testing the system. 


Visual Inspection and Vehicle Preparation: 
Before attaching the test equipment, visually 
inspect the vehicle for abnormal conditions such 
as loose wires, improper connections, or dam- 
aged hoses. Make any necessary repairs before 
continuing with the self-test. 


Equipment Attachment: An analog volt- 
ohmmeter (VOM) can be used to read variable 
assist power steering service codes (Fig. 24). Use 
the following instructions to attach the VOM: 


1. Turn the ignition on. 


2. Set the VOM on a DC voltage range to read 
from 0 — 15 volts. 


3. Using the VOM, connect the red lead (+) to 
the yellow/black terminal and the black 
lead (-) to the black wire terminal of the 
suspension test connector. 


Figure 23 — Diagnostic Connector 


FRONT OF 
VEHICLE 


Figure 24 — Equipment Attachment 
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ELECTRONIC STEERING SYSTEMS 


Figure 25 — Reading Service Codes 


Reading Service Codes 


The individual service codes for steering system 
diagnosis are represented by a pulsing or sweep- 
ing movement of an analog voltmeter’s needle 
across the voltmeter face. An example of needle 
movement is shown in Figure 25. 


Key ON Engine Running Quick-Test 


There are three different test procedures to fol- 
low for the Key ON Engine Running Quick-Test. 


е Test А — Engine idling with the wheels set ina 
straight ahead position. 


е Test В — Engine idling with the wheels turned 
at a 45 degree angle to the left and then to the 
right. 


е Тез! С — Vehicle jacked up with front wheels 
being driven at more than 10 km/h (6.2 mph). 


NOTE: The voltage output codes will vary 
depending on which test (A, B or C) is tak- 
ing place. Notice that the same code pat- 
tern can sometimes indicate different 
faults in different test steps. 
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Here is a description of each test. 


Test A — Make sure the engine is idling with the 
front wheels set in the straight ahead position. 


1. Turn the ignition switch to OFF to reset 
the control module before performing the 
test. 


2. Attach the test equipment according to the 
prior instructions. 


3. Turn the volt-ohmmeter ON. 


4. Start the engine and run at idle with the 
wheels in the straight ahead position. 


5. Record all service codes displayed and refer 
to the Service Code Chart A (Fig. 26). 


Test B — Make sure the engine is idling and turn 
the steering wheel approximately 45 degrees left 
and then to the right from the straight ahead 
position. 


1. Turn the ignition switch to OFF to reset 
the module before performing the test. 


ELECTRONIC STEERING SYSTEMS 


2. Start the engine and run at idle, turn the 
“O SECONDS steering wheel 45 degrees left then to the 
right from center. 


(Set steering wheel Go to Pinpoint Test В 3. Record all service codes and refer to Ser- 
position With ийе ' vice Code Chart В (Fig. 27) 


idling.) 


Go to Pinpoint Test C 


Test C — For this test the vehicle must be jacked 
up and the front wheels driven at more than 10 
Press Code km/h (6.2 mph). 


1. Turn the ignition switch to OFF to reset 
the control module before performing the 
test. 


Go to Pinpoint Test Q 


ON ытыыр 


Figure 26 — Test A Procedures 2. Place the vehicle on jack stands or other 
NOTE: Front suspension must be supported 
so that wheels do not hang down. Failure to 


УРЕ ТЫЫН suitable vehicle lifting device. 
ау ——ч 
provide support to the front suspension 
Go to Pinpoint Test B 4 
could cause damage to the constant velocity 
with engine idling.) (CV) joints. 
Press Code 3. Start the engine and drive the front wheels 
at more than 10 km/h (6.2 mph). 
Saas 4. Record all service codes and refer to the 
Service Code Chart C (Fig. 28) 
NOTE: The ABS warning light may come 
Go'toiPinpoint Test Q on. This is not a failure. The light will go off 
when the ignition switch is turned OFF and 


Figure 27 — Test B Procedures back ON. 


в 2 


05 10 SECONDS Go to Pinpoint Test А 
------ 
44У 
~ ДОП П 
(Jack ир the vehicle 03 Go to Pinpoint Test B 
and drive the front 
wheels at more than 44У 
10 km/h (6.2 mph). ov | | | | | 
02 Go to Pinpoint Test С 
4.4У 
ov | Ш 1 


Go to Pinpoint Test D 


Go to Pinpoint Test C 
If fault is not found 
within steering angle 
sensor or circuit, Do Not 
proceed to Pinpoint 

Test Q as directed in 
STEP C7. Go to Steering 
Service Section 13-01. 


ме 
ON a 


Figure 28 — Test C Procedures 
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ELECTRONIC STEERING SYSTEMS 


Figure 29 — EVO Controller Sensor Circuit 


Thunderbird/Cougar EVO Power Steering 
System Diagnostic Procedures 


There are several characteristics of the EVO 
steering system that should be kept in mind 
when diagnosing possible malfunctions. They 
include: 


е The EVO system is designed to return to full 
assist during high speed evasive maneuvers. 


е The EVO system is designed with a fail safe 
feature to allow full assist in the event of an 
EVO electrical circuit malfunction. 


е Service diagnostics are designed into the con- 
trol module to assist in troubleshooting the 
system. 


е The EVO system is combined with the Auto- 
matic Ride Control (ARC) system in the Super 
Coupe and XR7 models. 
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Note that in the Thunderbird LX and Cougar 
LS, there is a specific EVO control module. This 
module is positioned inside the module tray, 
located in the luggage compartment on the LX 
and LS models. 


On the Super Coupe and XR7 the EVO and ARC 
functions are programmed into a single module. 
This has an effect on diagnostics because a STAR 
Tester or Super STAR II Tester is used in diag- 
nostics on the Super Coupe and XR7 EVO and 
ARC systems. Note that this is the only current 
electronic steering system on which the STAR 
Tester or similar tool is utilized. On the 
Thunderbird LX and Cougar LS, diagnostics are 
performed using the EVO Service Diagnostic 
Lamp. 


Because ARC is not offered on the Thunderbird 


еее 


LX and Cougar LS, there 15 а separate diagnostic “=” 


method. 


Thunderbird LX/Cougar LS Diagnostics 


The following components of the EVO system 
can be checked for proper operation using the 
EVO Service Diagnostic Lamp. 


е EVO Control Module 

е Steering Wheel Rotation Sensor 
е Speed Sensor 

е EVO Actuator 


This procedure is a systematic method of deter- 
mining which of the above components, if any, 
require service. The EVO Control Module con- 
tains a lamp driver circuit used to flash diagnos- 
tic information for service (Fig. 29). This open 
collector circuit will send current (typical operat- 
ing current is approximately 350 mA; surge cur- 
rent 5.0 A for 40 milliseconds maximum) to a 


POWER 
STEERING 
ACTUATOR 


ELECTRONIC STEERING SYSTEMS 


warning lamp to indicate a possible problem. 
The output is short circuit protected to avoid damage 
to the controller. If a short exists, the controller will 
not attempt to turn the lamp on until power is 
removed from the controller and then reapplied. 
This information will be transmitted during normal 
operation of the vehicle and does not require the 
system to be put into a special mode. 

special mode. 


The controller is able to determine if there is a 
defect in the steering wheel sensor signal, vehi- 
cle speed sensor signal, or the actuator output 
circuit, and take appropriate action. 


Wiring number and color assignments are as fol- 
lows (Fig. 30). 


12614 8 Ж 
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\08к 
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DIAGNOSTIC 
CONNECTOR 


\ 


150 \ 


DG-W | 159 DG-W 


\ 359 BK-W 
SPEED | 
SENSOR І 
SECONDARY ы 


PRIMARY JB 
JB / 


\ N.STEERING 


SENSOR 


Figure 30 — Wiring Number and Color Assignments 
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Figure 31 — Rotunda EVO System Tester 


Figure 32 — EVO System Tester Installed 
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This procedure is a systematic method of deter- 
mining which of the above components, if any, 
require servicing. The diagnostic procedure 
requires the use of a Service Diagnostic Lamp. 
The diagnostic lamp is available through 
Rotunda (105-00007) (Fig. 31). A point to note 
about this device is that it is not part of the 
Dealer Special Tool Package and must be pur- 
chased separately. To diagnose the system the 
EVO System Tester must be attached to the diag- 
nostic connector located above the glove compart- 
ment (Fig. 32). 


The following bulb signals are possible outputs: 


A. Controller Function At power up, the control- 
ler will turn on the diagnostic lamp for 1.0 sec- 
ond to indicate a good bulb and that the 
controller is functional (Fig. 33) 


B. Solenoid Actuator Output Circuit After the 
1.0 second controller function check, the control- 
ler will perform the actuator output test, if there 
is a short to ground or an open circuit, after the 
2.0 seconds delay, the diagnostic lamp will flash 
a “code 6” (on for 0.5 seconds and off for 0.5 sec- 
onds, 6 times) then delay 2.0 seconds and repeat 
continuously (Fig. 34) until the power is turned 
off. During this “failure mode” the controller 
output will be off and both speed and steering 
wheel rotation inputs will be disabled. Once this 
“failure mode” has occurred, the controller will 
be inoperable until power is removed and reap- 
plied. 


C. Steering Wheel Rotation Sensor With power 
applied and vehicle speed at 0, turn the steering 
wheel from lock to lock. The steering wheel must 
be rotated in one direction at least 220 degrees. 
The diagnostic lamp should turn on for 3.0 sec- 
onds (Fig. 35) after the wheel has been suffi- 
ciently rotated. If it has not, it indicates that 
there is a problem with the steering wheel rota- 
tion sensor. 


D. Vehicle Speed Sensor With power applied and 
steering wheel rate at 0, the diagnostic lamp 
should turn on at all speeds above 15 mph and 
turn off when the speed drops below 10 mph (Fig. 
36). If the lamp does not function in this manner, 
then there is a problem with the vehicle speed 
sensor. 


“.” 


Figure 33 — Controller Function Signal 


Figure 34 — Solenoid Actuator Output Circuit Failure 
(Code 6) 


Figure 35 — Steering Wheel Rotation Sensor Signal 


Figure 36 — Vehicle Speed Sensor Signal 
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ELECTRONIC STEERING SYSTEMS 


For detailed instructions and wiring diagrams 
related to system diagnostics, refer to the Varia- 
ble Assist (EVO) Steering System Section for the 
Thunderbird LX and Cougar LS in the Shop 
Manual. 


Thunderbird Super Coupe and Cougar XR7 
Diagnostics 


The Thunderbird Super Coupe and the Cougar 
XR7 do not utilize the stand alone EVO control 
module. As stated earlier, the EVO and Auto- 
matic Ride Control systems are controlled by the 
Automatic Ride Control module. Diagnostics of 
the EVO system are covered in the Automatic 
Ride Control Section of the Shop Manual. 


Also, the Service Diagnostic Lamp is not used 
with these vehicles. Diagnostics are accom- 
plished using the STAR or Super STAR II hand 
held diagnostic testers. The location of the Auto- 
matic Ride Control System diagnostic connector 
for the Super Coupe and ХКТ is under the hood 
on the passenger side shock absorber tower. For 
diagnostic information concerning the EVO sys- 
tem on the Super Coupe and XR7, refer to the 
Automatic Ride Control section of this manual. 


ELECTRONIC STEERING CONCLUSION 


This completes the steering system portion of 
this CTP manual. The next section covers Elec- 
tronic Suspension Systems. 
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Figure 37 — Conventional Style Suspension 
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ELECTRONIC SUSPENSION SYSTEMS 


Ford Motor Company has developed several dif- 
ferent suspension systems that utilize some form 
of electronic control. These systems can range 
from quite simple to complex. Vehicles that uti- 
lize electronic suspensions include: 


е Thunderbird Super Coupe and Cougar XR7 — 
Automatic Ride Control (ARC) 


е Thunderbird Turbo Coupe (87 8 88) — Рго- 
grammed Ride Control 


e Probe GT — Programmed Ride Control 
e Continental — Air Suspension System 


е Mark VII and Pre 1988 Continental — Air Sus- 
pension System 


е Crown Victoria, Grand Marquis and Town Car 
— Rear Load Leveling Suspension 


Each of these systems will be covered in this 
manual. Prior to reviewing each of these systems 
let’s take a look at basic suspension system opera- 
tion and the adaptation of electronic control to 
suspension systems. 


BASIC SUSPENSION SYSTEM FUNCTION 
There are three basic functions for a suspension 
system. They are: 

1. The suspension system must absorb shock. 


2. The suspension system must keep the vehicle 
level. 


3. The suspension system must assist in 
controlling the vehicle. 


Types of Suspensions 


There are two basic types of suspension systems 
to be familiar with that are the basis for all elec- 
tronically controlled systems. They are the conven- 
tional suspension and independent suspension. 


Conventional Suspension 


The conventional suspension (Fig. 37) utilizes a 
solid axle and is used on many rear wheel drive 
vehicles. A conventionally suspended axle typi- 
cally utilizes a coil spring or leaf spring. These 
springs are meant to cushion the vehicle from 
road shocks by allowing the wheel to react and 
move. Shock absorbers are used in conjunction 
with the springs to dampen the shock and pre- 
vent excessive passenger compartment move- 
ment. 


Because both of the wheels are attached to a 
solid axle, road shocks absorbed by one wheel are 
transferred, to a certain degree, through the 
entire rear suspension. 


Independent Suspension 


Independent suspensions are different from the 
conventional suspension in that shock is 
absorbed at each individual wheel and is not 
transferred to the opposite wheel through an 
axle assembly. Almost all front suspensions pro- 
duced in the last 30 years have utilized indepen- 
dent suspension for both wheels. Because of its 
efficiency in absorbing shock, independent sus- 
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Figure 38 — Super Coupe/XR7 Independent 
Suspension System 


pension is seeing more and more use on all though it is a rear wheel drive it is fully indepen- 
wheels as can be seen in this Super Coupe/XR7 dent. This is made possible through the use of 
suspension system (Fig. 38). Note that even halfshafts and CV joints. 
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Major Shock Absorbing Components 


The major shock absorbing components used in 
automotive applications are coil springs used in 
conjunction with shock absorbers, or a 
MacPherson strut which combines a coil spring 
with a shock absorber. 


An excellent example of seeing all the indepen- 
dent suspension system components all rolled up 
into one can be seen in the Super Coupe/XR7 
independent suspension system. This suspension 
utilizes MacPherson struts on the front suspen- 
sion and a combination of shock absorbers and 
coil springs on the rear. 


Obviously there are many more components in a 
suspension than just springs, shocks and struts. But, 
the fact is springs, shocks and struts are the major 
suspension devices which can be electronically 
controlled to modify suspension operation. Other 
components such as upper and lower control arms, 
stabilizer bars, etc. can’t feasibly be controlled by 
computer. 


ADAPTATION OF COMPUTER CONTROL TO 
ELECTRONICS 


Typically a suspension system is designed to pro- 
vide a sufficiently smooth ride, while maintain- 
ing adequate steering and handling. If a 
suspension is designed to an extreme, say for a 
soft ride, then steering and handling suffer. If the 
suspension is designed for excellent steering and 
handling, then the ride suffers. If a suspension 
could do both, instead of being a compromise 
between the two, it would be quite an innovation 
— that’s where electronic control comes in to 
play. 


If electronics are added to the system to monitor 
the driving conditions, then a computer can be 
used to change the suspension calibration in 
accordance to vehicle needs. This can be a simple 
change, such as for leveling the vehicle to com- 
pensate for extra luggage or weight (Еіс; 39). It 


Figure 39 — Load Compensation 
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Figure 40 — Suspension Recalibration for High 
Speed Maneuvering 


could also be a complex change to recalibrate the 
entire suspension action for evasive or high 
speed maneuvers (Fig. 40). 


A basic point to remember is that not all elec- 
tronic suspension systems are the same. They 
utilize different components to accomplish spe- 
cific functions. But, there is a basic thread that 
runs through all the systems and it is that each 
application of electronically controlled suspen- 
sion utilizes a computer, typically called a mod- 
ule, to control operation of the system. 


The control module (Fig. 41) relies on a variety of 
inputs to make the decisions that effect suspen- 
sion operation. 


Figure 41 — Suspension Control Module 


ELECTRONIC SUSPENSION SYSTEMS 


Input Devices 


There are a variety of inputs to the module and 
they are not the same on all electronic suspen- 
sions. Let’s take a look at the different inputs 
that are utilized. Being familiar with the input 
devices will allow increased understanding of the 
different systems and their function. 


Speed Sensor 


The speed sensor (Fig. 42) is a device which pro- 
vides an indication of how fast the vehicle is trav- 
elling to the suspension module. This sensor is 
typically mounted on the transmission or trans- 
axle output, although in some instances, such as 
the Probe GT, the sensor is integral with the 
speedometer. Output of the sensor is linear with 
speed. The faster the sensor spins, the greater 
the voltage output. As speed decreases, the sen- 
sor slows down and voltage output is decreased. 
High speed would indicate to the module that a 
firmer suspension would be required. The speed 
sensor is also used as an input for electronic 
steering systems and in some cases the electronic 
engine control and speed control systems. 


Figure 42 — Speed Sensor 
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Figure 43 — Steering Wheel Rotation Sensor 


Steering Wheel Rotation Sensor 


The steering wheel rotation sensor (Fig. 43) is a 
photocell that measures how fast the steering 
wheel is being rotated and notes steering wheel 
position by determining the straight ahead posi- 
tion. This sensor is typically located in the steer- 
ing column. Rapid steering wheel rotation or a 
hard turn above a certain preset speed would be 
an indication that a firmer suspension is 
required to perform an evasive maneuver. The 
steering wheel rotation sensor is also used as an 
input on some electronic steering systems. 
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Figure 44 — Brake Sensor 


Brake Sensor 


The brake sensor (Fig. 44) is mounted on the 
master cylinder in some electronic suspension 
applications. Its primary purpose is to signal 
when heavy braking occurs so that the suspen- 
sion can shift to a firm mode to compensate for it 
and provide increased driver control. 


Figure 46 — Height Sensors 


Figure 45 — ECA Assembly 
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ECA Assembly 


The ECA assembly (Fig. 45) is often used as an 
input to the suspension module to signal engine 
acceleration or deceleration. Rapid acceleration 
would signal a condition for a stiffer suspension 
to allow for increased vehicle control. 


Height Sensors 


Vehicle trim height is noted by height sensors. 
These are used to note changes in the load on the 
vehicle and allow the suspension to compensate 
for it, maintaining the ideal body height. 


Height sensors do not all look the same (Fig. 46). 
Some are the linear type and others are a rotary 
design. 


In addition to noting load changes within the 
vehicle and compensating for them, some height 
sensors are used to inform the suspension mod- 
ule of road undulations (such as railroad tracks). 
Road undulations, if they are severe, can cause 
the suspension to ground out resulting in a 
severe jolt to passengers. The height sensors can 
sense the road undulation and provide the infor- 
mation to the control module. The control mod- 
ule in turn can shift the suspension into a firm 
mode and prevent grounding out. 


41 


Other Inputs 


Other inputs to the suspension module often 
include: 


Ignition Switch — provides the suspension module 
with a signal that indicates switch position (engine 
OFF, Engine ON, etc.) 


Ride Control Switch — This type of switch is used 
on some models to allow the operator to tailor the 
suspension to personal driving taste. 


This covers many of the different inputs used on 
electronic suspensions. Some points to remember 
include the fact that these inputs will not typi- 
cally be found all in one system. This is just a 
general look at common input devices. Also, 
there may be some other input devices found 
only on one specific system, such as door opening 
switch, instrument panel dimmer relay, and oth- 
ers. 


Output Devices 


Like the input devices, the output devices high- 
lighted in this section are not found on every sys- 
tem. This is a general look at output devices. 
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Figure 47 — Actuator Assembly 


Electronically Controlled Shocks and Struts 


Electronically adjustable shocks and struts con- 
tain an actuator assembly (Fig. 47) which 
changes the internal valving on command from 
the suspension’s control module. 


Typically, the shock or strut is in a normal mode 
to allow for a smooth comfortable ride. But, a 
command from the module makes the actuator 
shift the valving of the shock or strut into a firm 
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mode for increased control required for aggres- 
sive driving and positive road feel, or to prevent 
conditions of grounding the suspension (such as 
from severe road undulations). 


The shift from soft to firm mode is immediate. 
This is required for the system to be able to react 
instantly to rapidly changing driving conditions. 
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Figure 48 — Strut With Air Spring 
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Figure 49 — Independent Air Spring 


43 


Air Springs 


The purpose of air springs are to maintain the 
vehicle trim height or to allow the suspension 
module to change the spring rate for a particular 
driving need. Air springs can come in many dif- 
ferent shapes and configurations. In some 
instances the strut assemblies utilize an air 
spring rather than the conventional coil spring 
that typically wraps a strut (Fig. 48). Air springs 
also can be designed as an independent unit (Fig. 
49). 


Air Shocks 


Air shocks (Fig. 50) are another actuating device 
that can be controlled by a computer. The most 
common use of air shocks are to raise or lower a 
vehicle to maintain proper trim height. In Ford 
applications, computer controlled air shocks are 
used only on the rear of some vehicles. 


Figure 50 — Air Shock 
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Figure 51 — Air Compressor 


Air Compressor 


Obviously with all of the air operated compo- 
nents, there must be a source of air pressure to 
operate them. Typically an electrically powered 
air compressor (Fig. 51), actuated by the module 
is utilized. In most applications, the air compres- 
sor is mounted in the engine compartment and is 
turned on and off as needed by the suspension 
module. 


The air compressors found in Ford and Lincoln- 
Mercury applications are typically 12-volt, sin- 
gle cylinder electric compressors. All are 
equipped with a regenerative dryer assembly. All 
air that is pumped into the system is sent 
through a dryer assembly containing a silica gel 
dessicant material to absorb water. Removing air 
prevents corrosive damage to the system compo- 
nents. When air is released from the system it 
again passes through the drier and takes mois- 
ture contained in it back to the atmosphere. 
Hence the term regenerative because moisture 
does not remain forever in the drier once it is 
absorbed. 
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Input/Output Device Conclusion 


This completes our look at the basic input and 
output devices used on electronically controlled 
suspension systems. The next section looks at 
the electronic suspension systems used in Ford 
and Lincoln-Mercury vehicles. 


CURRENT ELECTRONIC SUSPENSION 
SYSTEMS 


This section examines the electronic suspension 
that are utilized on Ford Motor Company pro- 
duced vehicles. The specific suspension that will 
be examined are the: 


е Automatic Leveling Rear Suspension — Avail- 
able on Grand Marquis, Crown Victoria and 
Town Car 


е Programmed Ride Control — Used on 1987 
and 1988 Turbo Coupe 


e Automatic Ride Control — Used on Super 
Coupe and XR7 


° Programmed Ride Control — Used on Probe 
GT 


e Air Suspension System — Continental 
1988 & Up 


е Air Suspension System — Mark VII and some 
pre-1988 Continental models 


Rear Automatic Leveling Suspension 


The rear automatic leveling suspension has been 
in use for a number of years on the Grand 
Marquis, Crown Victoria and Town Car models. 
It is by far the simplest of the electronically con- 
trolled suspension systems. Essentially, the 
automatic leveling system is an addition to the 
standard rear suspension. Its purpose is to auto- 
matically adjust the vehicle’s trim height with to 
compensate for varying vehicle loads. 


System Description 


The system (Fig. 52) consists of air adjustable 
rear shocks, a compressor assembly, air dryer 
with minimum retention valve, exhaust sole- 
noid, compressor relay, rotary height sensor, elec- 
tronic module, wiring and nylon tubing. 


ELECTRONIC SUSPENSION SYSTEMS 


AIR LINE 


‘oe 
=“ ж 
VIEW <A Еа 


ана OS | p” ме 
у= 


Са 
GAS PRESSURIZED 


Е аи, 


Figure 52 — Rear Automatic Leveling Suspension 
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The adjustable air shock is essentially a conven- 
tional shock absorber enclosed in an air cham- 
ber. These shocks are constructed with a rubber 
sleeve attached to the dust tube and shock reser- 
voir. This makes a flexible chamber which will 
extend the shocks when air pressure in the 
chamber is increased. When air pressure is 
reduced, the weight of the vehicle collapses the 
shocks. 


A single-cylinder piston-type electrically oper- 
ated air compressor, mounted in the engine com- 
partment on the left fender apron, supplies the 
air pressure for operating the system. A 
regenerative-type dryer is attached to the com- 
pressor manifold. All airflow during raising or 
lowering of the vehicle passes through the dryer. 
A vent solenoid, located on the compressor mani- 
fold, controls air exhaustion. A minimum reten- 
tion valve, located inside the air dryer, maintains 
pressure to the rear shocks to a minimum of 69- 
152 kPa (10-22 psi). 


A module controls the amount of air pressure 
provided by the air compressor to the shock 
absorbers. The module determines the pressure 
according to vehicle trim height which is estab- 
lished by a single rear height sensor. The module 
activates the compressor relay to turn the com- 
pressor on, increasing pressure to lift the vehicle 
to the desired trim height. To lower the vehicle 
the module provides a command to the vent sole- 
noid to release air pressure from the system until 
the desired trim height is attained. 


The underbody height sensor is an electronic 
device that controls two basic circuits: 


е Compressor relay coil ground circuit 
е Exhaust solenoid coil ground circuit 


To prevent continuous actuation of the compres- 
sor relay or exhaust solenoid circuits during nor- 
mal ride motions, the microcomputer provides a 
continuous 7-13 second time delay before either 
circuit can be completed. The height sensor is 
mounted to the frame crossmember in the rear. 
The sensor actuator arm is attached to the rear 
upper left hand control arm by a short link (Fig. 
53). 
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Figure 53 — Sensor and Actuator Arm 


In addition to regulating the vehicle height, the 
module limits compressor run time and exhaust 
solenoid energized time to a maximum of two 
minutes and one minute, respectively. These 
time functions are necessary to prevent continu- 
ous compressor operation in case of a severe sys- 
tem leak or continuous exhaust valve operation. 
Turning the ignition off and on resets the elec- 
tronic timer circuits to renew the maximum 
accumulating air compressor run time and con- 
tinuous exhaust solenoid vent time. 


For service, the module provides a series of self 
diagnostic tests through the use of a test lamp. 


System Operation 


This system operation section for the rear auto- 
matic leveling suspension concentrates mainly 
on the control logic for operating the system with 
the ignition switch in different positions. 
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Ignition in OFF Position 


In this ignition switch position, the system will 
operate for 30 minutes after the ignition switch 
is turned from the RUN to OFF position. Then, 
the system is inoperable through the microcom- 
puter. 


The system will service down requests only 
(lower vehicle) as required during the 30 minutes 
except that the exhaust control is suspended 
after continuous ON operation for one minute. 
Turning the ignition switch to the ON position 
resets the operation. If the sensor arm moves to a 
NEUTRAI or LOW position, this function is also 
reset, and normal ignition off vent control 
resumes. 


Ignition in RUN Position (Less Than 10 
Seconds) 


Under this condition, the system will not service 
any requests from the height sensor. But, the 
module will store the request in memory so that 
it can be reacted to at the appropriate time. 


Ignition in RUN Position (More Than 10 
Seconds) 


Normal Control: The module will service 
requests from the height sensor after a 7 to 13 
second continuous low (raise vehicle) or high 
(lower vehicle) signal. 


The leveling system is activated when weight is 
added to, or removed from, the rear of the vehicle, 
to maintain the rear vehicle level at a predeter- 
mined rear suspension height. This is know as 
the vehicle’s trim height (Dimension “D” in 
Shop Manual Specifications). Trim height is con- 
trolled by the height sensor. Distance of the body 
to ground will change with tire size and inflation 
pressure. 


The system functions in the following manner. 
When a load is added to the vehicle, the body is 
forced downward, causing the height sensor’s 
actuating arm to rotate upward, (low, out of trim) 
generating two sensor signals to the control mod- 
ule. After a continuous height sensor signal of 7 
to 13 seconds (time delay), the module activates 
the air compressor (through a relay), sending air 
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to the adjustable rear shock absorbers through 
the nylon tubing. As the body rises, the height 
sensor actuator arm continues rotating down- 
ward until the preset trim height is reached. The 
air compressor is turned off by the control mod- 
ule. 


A similar action takes place whenever weight is 
removed. The body rises, causing the sensor’s 
actuator arm to rotate downward (high, out-of- 
trim), generating two sensor signals to the con- 
trol module. After a continuous high sensor 
signal of 7 to 18 seconds (time delay), the module 
opens the vent solenoid. As the body lowers, the 
sensor actuating arm is rotated upward until its 
preset trim is reached. The module then closes 
the vent solenoid, which prevents further air 
from escaping. 


Air required for raising or lowering the vehicle is 
distributed from the compressor by one nylon air 
line. The air line is connected between the com- 
pressor dryer and the left hand air shock 
absorber, which has a dual port quick connect fit- 
ting. A second nylon air line starts here and con- 
nects to the right side air shock absorber. 


The air lines are color coded to identify which air 
shock they attach to: 


е Shock to Shock: Natural 


е Shock to Compressor: Station Wagon, Yellow; 
Sedan, Blue 


The dryer contains a desiccant (silica gel) which 
dries the compressed air before delivering the air 
to the air shocks. During venting of the air 
shocks, the previously dried air passes through 
the dryer to remove moisture from the desiccant 
(regeneration). Air required for compression and 
venting enters and exits through a common port 
on the compressor head. Vented air is controlled 
by a solenoid valve in the compressor head. 
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Figure 54 — System Schematic 
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Electrical power to operate the load leveling sys- 
tem is distributed by the main body wiring har- 
ness. The wiring harnesses involved and their 
function in the leveling system are as follows 
(Fig. 54) 


14401: Provides an extension of the ignition 
switch circuit 298 (ignition in RUN position 
input to the control module). 


14A435: Supplies battery power to the system. 
Directly connects to the air compressor motor, air 
compressor relay and control module. 


12614: Directly connects to the rotary height 
sensor, compressor motor, relay, vent solenoid 
and the control module. 


CAUTION: The compressor relay and compres- 
sor vent solenoid have internal diodes for electri- 
cal noise suppression and therefore are polarity 
sensitive. Care must be taken when servicing 
these components not to switch the battery feed 
and ground circuits, or component damage will 
result. 


Programmed Ride Control 


The Programmed Ride Control (PRC) system was 
introduced originally in all 1987 Thunderbird 
Turbo Coupe models. It was Ford Motor Com- 
pany’s first fully electronic suspension system 
and provided a basis for future systems intro- 
duced on the 1988 Continental and 1989 
Thunderbird Super Coupe and Cougar XR7. The 
Programmed Ride Control System was designed 
to automatically adjust the damping action of 
the front and rear shocks to provide a smooth 
ride and crisp, precise handling under a variety 
of driving conditions. 


System Description 


The primary feature of the Programmed Ride 
Control system is the ability to select either a 
firm (sport) suspension tuning or an automatic 
ride control. 


The system is activated using a rocker switch 
(ride control switch) mounted on the instrument 
panel to the right of the steering column (Fig. 
55). 
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Figure 55 — Ride Control Switch 


With the ride control switch in the FIRM posi- 
tion, the module adjusts the shock absorber 
damping to provide a firm (sport) suspension tun- 
ing. 


With the ride control switch in the AUTO posi- 
tion, the module adjusts shock absorber damping 
to provide a soft (plush) ride during normal driv- 
ing conditions. The module instantly changes 
suspension tuning to firm during hard braking, 
acceleration or cornering to provide improved 
handling at high speed. 


A green FIRM RIDE indicator lamp (Fig. 56) is 
provided in the lower right corner of the tachom- 
eter. The lamp is normally illuminated whenever 
the suspension is firm. This includes any time 
the switch is in the FIRM position or any time 
the system switches to the firm tuning in the 
AUTO position. 


GREEN INDICATOR 
LIGHT 


Figure 56 — Firm Ride Light 
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Figure 57 — Programmed Ride Control System 


In the event of a system malfunction, the indica- 
tor lamp will flash on and off. Moving the ride 
control switch between positions will usually 
clear any false malfunction indication. If the 
indicator lamp continues to flash, the system 
should be checked for a possible malfunction. 
This check is detailed in the diagnostic portion of 
this manual. 


System Operation 


The Programmed Ride Control System (Fig. 57) 
consists of a microprocessor, firm and plush 
shock relays, a steering sensor, a brake pressure 
sensor, a speed sensor, four shock actuators and 
the ride control switch. 


When the ride control switch is placed in the 
FIRM position, the plush ride relay is de- 
energized, the firm ride relay is energized and 
the system is locked into the firm ride mode. No 
adjustment of the suspension will occur, regard- 
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less of sensor input. The indicator lamp in the 
lower right corner of the tachometer will glow 
continuously in this mode. 


When the switch is placed in the AUTO position, 
the firm ride relay is de-energized, the plush ride 
relay is energized and the vehicle will operate in 
the plush ride mode. The control assembly will 
automatically switch the system to a firm ride 
when sensor input(s) indicates a large change in 
vehicle direction or speed. In this condition, the 
indicator lamp will glow any time the system 
switches to the firm ride mode. 


During the first 80 seconds of operation, the sys- 
tem will not respond to changes in vehicle direc- 
tion. This is because the PRC control module 
must calculate the straight ahead position. This 
delay could increase to several minutes if several 
tight turns occur during the first few minutes of 
operation. It will, however, continue to respond to 
all other sensor inputs. 
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Figure 58 — Steering Sensor 


The system components operate in the following 
manner: 


Steering Sensor (Fig. 58) — The steering sensor is 
used to determine changes in vehicle direction. 
The sensor is located on the steering shaft just 
above the column boot. The sensor ring rotates 
with the steering shaft. A series of slits pass a 
pair of photoelectric eyes that generate a signal 
to the control module. From this signal, the con- 
trol module determines the vehicle’s turning 
angle and then compares this with vehicle speed 
to calculate lateral acceleration. The system will 
remain in the plush ride mode during mild turn- 
ing maneuvers and automatically switch to the 
firm ride mode when lateral acceleration exceeds 
0.3g. The system will return to the plush ride 
mode seven seconds after the lateral acceleration 
drops below 0.3g. 


Speed Sensor (Fig. 59) — The speed sensor is the 
same input component used for the speed control 
system and the EEC system. The sensor, 
mounted on the transmission extension housing, 
is driven by the transmission output shaft and 
generates a low voltage signal to the control 
module. The control module uses the speed sig- 
nal in addition to other sensors to determine 
when the system should be switched to the firm 
ride mode. As mentioned before, this occurs 
when vehicle speed and steering angle combine 
to produce lateral acceleration of 0.3g or greater. 
If vehicle speed exceeds 133 km/h (83 mph), the 
system will automatically switch to the firm ride 
mode and remain there until speed is reduced to, 
less than 118 km/h (74 mph). The system will 
return to the plush ride mode a few seconds after 
these conditions are met. 
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Figure 59 — Speed Sensor 
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Figure 60 — Brake Switch 


Brake Switch (Fig. 60) — The brake switch is a 
normally open pressure switch used to indicate 
hard braking to the control module. The switch 
is threaded into the brake control valve and mea- 
sures front brake pressure. When hydraulic pres- 
sure to the front brakes exceeds 400 psi, the 
switch closes, returning a signal to the control 
module. The module will then switch the system 
to the firm ride mode to reduce the front suspen- 
sion nose dive. The system will return to the 
plush ride mode four seconds after the brake 
switch opens. 


Throttle Position Signal — The system control 
module also monitors throttle position through 
the EEC system. When the switch is in the 
AUTO position, a throttle opening of 90% or 
greater will cause the system to switch to the 
firm ride mode. Once the throttle is closed to less 
than 90%, the system will return to the plush 
ride mode, providing all other sensors indicate a 
normal driving condition for four seconds. 


Shock Actuator Assembly (Fig. 61) — The actua- 
tors are located at the top of each shock absorber 
and strut and rotate a shaft inside the piston rod 
to change the internal valving of the shock. 
Internally, the actuator consists of a small single 
pole armature, a pair of permanent magnets and 
a position switch. 


When current is applied to the armature by the 
plush ride relay, the opposing magnetic fields of 
the permanent magnets and the armature cause 
the armature to rotate clockwise until it contacts 
the internal stop. When this happens, the leaf 
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spring switch in the position sensor circuit opens 
and no signal is returned to the PRC control 
module. 


When current is applied to the armature by the 
firm ride relay, the magnetic field is reversed and 
the armature will rotate counterclockwise to the 
internal stop. This causes the leaf spring switch 
in the position sensor circuit to close and no sig- 
nal returns to the PRC control module. 


The system is included as part of the main vehi- 
cle wiring harness. System components and 
their related circuits are shown on the following 
schematic (Fig. 62). 


Ж ОҒ УЕНІСІ.Е 


Figure 61 — Shock Actuator Assembly 
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Figure 62 — Programmed Ride Control System 
Schematic 
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Figure 63 — Automatic Ride Control System 


Automatic Ride Control System 


The Automatic Ride Control System (ARC) (Fig. 
63) is quite similar to Programmed Ride Control. 
It is utilized on the Thunderbird Super Coupe 
and Cougar XR7. 


AUTOMATIC RIDE 
CENTER 
CONSOLE CONTROL SWITCH 


System Description 


The system provides for the selection of either a 
firm (sport) suspension tuning or an automatic 
ride control. Also included is Electronic Variable 
Orifice (EVO) steering control electronics. 


The system is activated using a rocker switch 
mounted on the center console to the right of the Figure 64 — Automatic Ride Control Switch 
driver’s seat (Fig. 64). 
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With the ride control switch in the FIRM posi- 
tion, the ARC module adjusts shock absorber 
damping to provide a firm (sport) suspension tun- 
ing. 


With the ride control switch in the AUTO posi- 
tion, the module adjusts shock absorber damping 
to provide a soft ride during normal driving con- 
ditions. The ARC computer instantly changes 
suspension tuning to firm during hard braking, 
acceleration, cornering or high speed to provide 
improved handling. 


A green FIRM RIDE indicator lamp is provided 
in the lower right corner of the instrument panel 
(Fig. 65). The lamp is normally illuminated 
whenever the suspension is firm. This includes 
any time the switch is in the FIRM position or 
any time the system switches to the firm tuning 
in the AUTO switch position. 


In the event of a system malfunction, the indica- 
tor lamp will flash on and off. Moving the ride 
control switch between positions will usually 
clear any false or intermittent malfunction indi- 
cations. If the indicator lamp continues to flash, 
the system should be checked for a possible mal- 
function. 


System Operation 


In the AUTO mode, the automatic ride control 
system module monitors the following conditions 
to determine when additional shock absorber 
damping is required for improved handling: 


е Brake Hydraulic Pressure 
е Throttle Position 

е Super Charger Boost 

е Steering Wheel Angle 

е Vehicle Speed 


Any one of the following approximate conditions 
will cause the shock absorber and strut damping 
to switch to FIRM: 


° Hard braking: Brake hydraulic pressure above 
2758 kPa (400 psi) 


е More than 90 percent of full throttle 


е Hard acceleration causing super charger 
boost 


е Hard cornering: above 0.35g lateral accelera- 
tion 


е Vehicle speeds above 133 km/h (83 mph) 


Figure 65 — Firm Ride Indicator 
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Figure 66 — Automatic Ride Control System 
Schematic 


The shock damping will return to the softer ride 
a few seconds after these conditions are no longer 
present, providing vehicle speed has dropped 
below 118 km/h (74 mph). 


The individual components of the system such as 
the steering wheel rotation sensor, ride control 
switch, speed sensor, EEC module, actuator, etc. 
are similar in design and function to those used 
in the Programmed Ride Control system. 


The basic difference between the Automatic Ride 
Control system and the Programmed Ride Con- 
trol system are the fact that the ARC module 
also controls the EVO steering system and that 
the ARC system is diagnosed using a STAR or 
Super STAR II tester. 


The ARC system is included as part of the main 
vehicle wiring harness. System components and 
their related circuits are shown on the following 
schematic (Fig. 66). 


Probe GT Programmed Ride Control System 


System Description 


The Probe Programmed Ride Control (PRC) Sys- 
tem is available only on the GT models and is 
similar to the system used in the Turbo Coupe 
Programmed Ride Control and the Automatic 
Ride Control systems. Unlike these other sys- 
tems, the Probe system allows the driver to select 
one of three available ride modes. These modes 
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Figure 67 — Probe GT — Programmed Ride Control 
System 


select various combinations of soft, firm and very 
firm damping of the front and rear strut assem- 
blies. The mode selection is based on driving con- 
ditions and the driver’s selection of ride mode. 
The ride control system also functions to sup- 
press the occurrence of body roll, diving, and 
squatting during cornering, braking and sudden 
(hard) acceleration. The components incorpo- 
rated into the Probe Programmed Ride Control 
system include (Fig. 67): 


э Ride Control Switch — Located оп the center 
console and used by the driver to select 
desired ride adjust modes of operation. 


е Mode Indicator Lamp — Incorporated into the 
ride control switch and used to indicate to the 
driver the current ride control mode of opera- 
tion. 


е Control Module — Located under Ше passen- 
ger’s seat, this device receives the input from 
the sensors and is used to switch the ride con- 


57 


trol modes based on driver input at the ride 
adjust switch and sensor input. 


е Speed Sensor — located within the cluster as 
an integral part of the speedometer subas- 
sembly and used by the control module for 
determination of vehicle speed. 


е Steering Wheel Rotation Sensor — Located 
within the steering column and used by the 
control module for determination of lateral 
forces acting on the vehicle under normal 
driving conditions. 


е Actuator Assemblies — Located at the top of 
each strut assembly, these devices are used 
to change the damping characteristics of the 
shock absorber within each strut assembly. 
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Figure 68 — Ride Control Switch 


System Operation 


System operation is based on the position of the 
ride control switch. This switch is located on the 
floor console to the right of the driver’s seat (Fig. 
68). 


The switch offers the following three settings: 


Normal: Under normal mode, the front shock 
absorbers are set in “hard” when vehicle speed 
reaches 80 km/h (50 mph). This improves high 
speed driving stability. When vehicle speed drops 
below 70 km/h (44 mph) the shocks are automati- 
cally set to soft. the rear shock absorbers are 
always in the “soft mode during normal driving 
conditions. 


Selecting the NORMAL mode will provide: 


е Anti-dive effect — The front and rear shocks 
operate in “hard” during brake application to 
prevent the vehicle from diving forward. 


е Anti-squat effect — The front and rear shocks 
operate in “hard” during sudden (hard) accel- 
eration to prevent the vehicle from momentar- 
ily squatting. 
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е Anti-roll effect — The lateral force from steer- 
ing angle and vehicle speed are detected. The 
front and rear shocks operate in “hard” to pre- 
vent body roll when the lateral force becomes 
more than the predetermined value (Fig. 69). 


Sport: In this mode, the front shock absorbers are 
set in “уегу firm” when the vehicle speed 
reaches 50 mph (80 km/h). This improves high 
speed driving stability. The shocks cease func- 
tioning in “very firm” mode when the vehicle 
speed drops below (70 km/h (44 mph). When sport 
is selected, the rear shock absorbers are always 
in the “firm” mode during normal driving condi- 
tions. 


Selecting the SPORT mode will provide: 


е Anti-dive effect — The front and rear shocks 
operate in “very hard” during brake applica- 
tion to prevent the vehicle from diving for- 
ward. 


Anti-squat effect — The front and rear shocks 
operate in “very hard” during sudden (hard) 
acceleration to prevent the vehicle from 
momentarily squatting. 


е Anti-roll effect — The lateral force from steer- 
ing angle and vehicle speed are detected. 
The front and rear shocks operate in ‘‘very 
hard” to prevent body roll when the lateral 
force becomes more than the predetermined 
value (Fig. 69). 


Soft: In this mode, the shock absorbers at each 
wheel are always in Ше “вой” mode of operation, 
providing a milder, plush ride (Fig. 69) 


Green indicator lamps are incorporated into the ride 
control switch to indicate the current mode of 
suspension operation. 


Continental Air Suspension System 


The Continental air suspension system was orig- 
inally introduced in the 1988 model year. This 
system incorporates an air suspension system 
with the features of automatic ride control into 
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Figure 69 — Programmed Ride Control Actuator 
Position Chart 


DUAL DAMPING 
ACTUATOR 


SPEED 
SENSOR 


AIR SPRINGS 


AIR COMPRESSOR 


HEIGHT SENSOR 


one driver-oriented and technologically 
advanced suspension system (Fig. 70). the air lev- 
eling subsystem maintains the vehicle at the 
proper level under varying conditions of vehicle 
load. The ride control subsystem switches the 
shock absorbers between firm and soft calibra- 
tions in response to inputs from sensors located 
at strategic positions on the vehicle. This helps to 
improve vehicle handling performance during 
turning maneuvers, road undulations, and braking. 


System Description 


The Air Suspension System includes the follow- 
ing major components: 


е Variable rate air springs which are integral 
with the struts at each corner of the vehicle. 


е Ride height control that utilizes one rear and 
two front height sensors to maintain the 
vehicle at the proper ride height. 
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Figure 70 — Continental Air Suspension System 
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Figure 71 — Continental Air Suspension System 


Input/Output Block Diagram 
е Dual dampening front and rear struts with е Vehicle Height Sensor 
externally mounted actuators. The actuators © ‘Vehicle Sosea S 
are similar to those used on the Automatic сы ымын ссе ій 
Ride Control and Programmed Ride Control е Ignition Switch 


Systems. е Door Switches 


The air suspension system and dual dampening е Brake Pressure Switch 
function are controlled by an electronic module. 

This module receives inputs from several differ- • ЕЕСЧУ Module 
ent sources (Fig. 71). These include: е Chassis Ground 


е Steering Rate Sensor е Air Suspension On/Off Switch 
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Figure 72 — Actuating Device 


Several of the input devices are similar to those 
already discussed on the Turbo Coupe and Super 
Coupe/XR7 descriptions so they will not be reex- 
amined on the Continental. These include the 
speed sensor, steering sensor, brake sensor, and 
EEC-IV module. 


Air Spring and Strut Assembly 


The front and rear suspension systems on the 
Continental utilize MacPherson strut assem- 
blies with integral air springs and two-stage 
dampening mechanisms. The two-stage dampen- 
ing is achieved by varying the effective piston ori- 
fice area with an externally mounted electronic 
rotary actuator, similar to those used in the other 
ride control system (Fig. 72). 


The front struts are mounted to the body through 
a precision ball bearing and rubber mount sys- 
tem (Fig. 73). The ball bearings provide a very 
smooth and highly durable pivot point for the 
strut/wheel assembly. The oversize rubber 
mounting provides for maximum impact and 
noise isolation. 
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The rear struts (Fig. 74) use a dual path mount 
which separates the strut and air spring mount- 
ing surfaces to provide for maximum isolation. 


Both the front and rear strut assemblies show 
the flow path for oil during the soft mode. Note 
that there are two orifices from which the oil is 
allowed to escape in the soft mode. When the 
shock portion of the strut is shifted into the firm 
mode by the control module, these orifices are 
closed, reducing the amount of oil venting, and 
increasing the pressure within the shock. 


Air Suspension Control Module 


The Continental uses a control module (Fig. 75) 
which combines the air suspension and variable 
damping systems. Because the module controls all 
actuators, relays and solenoid valves by supplying 
positive battery power, a short circuit protection 
capability has been designed into the module. 


The control module operates in both an ignition ON 
and ignition OFF mode. 
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Figure 73 — Front Strut Assembly 


The ignition ON mode performs vehicle leveling 
and variable damping control. 


Variable damping control is executed when a 
handling or road undulation event occurs. Handling 
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events are detected by processing information from 
either the steering sensor, brake sensor, or accelera- 
tion input signal passed from the EEC-IV module. 
The vehicle speed sensor also supplies important 
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Figure 74 — Rear Strut Assembly 


information into the handling strategy. A road The control module gathers vehicle height infor- 
undulation event is like a road dip and is detected mation by monitoring the three vehicle height 
by processing information from the height sensor. sensors. A software strategy then determines 
when a leveling correction is needed. The system 
Vehicle leveling is accomplished in the following adjusts vehicle height by either compressing or 
manner: venting the air spring(s) to the trim position. 
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Air is compressed or vented from the air spring 
when the air spring solenoid is turned on along 
with either the compressor relay or vent solenoid. 


Vehicle venting is not allowed when any vehicle 
door is open. Vehicle leveling correction cannot 
begin if the vehicle is ша handling maneuver 
due to steering, braking, acceleration or road 
undulation event. As an example: body roll 
during a long high lateral steering turn (eg. a 
freeway exit) is not offset by the control module 
to prevent unwanted leveling actions. 


The ignition OFF mode performs a limited vehicle 
leveling correction for 1 hour before turning itself 
off. If the control module senses an obstruction 
while trying to trim the vehicle it will raise the car 
off the obstruction and wait for the driver to move 
Figure 75 — Suspension Control Module the vehicle before further venting is allowed. 
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Figure 76 — Electronic Rotary Height Sensor 
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Electronic Height Sensor 


The height sensor used on the Continental is a 
special rotary style design introduced with this 
system in 1988. It is equipped with an internal 
Hall effect device to determine ride height (Fig. 
76). These sensors will indicate conditions of 
Above Trim, Trim and Below Trim to the control 
module. 


Counter-Balancing Torsion Springs 


Although it is not a part of the electronics, the 
counter-balancing torsion springs are worth 
mentioning because they are an engineering 
innovation. These springs fit between the 
MacPherson strut and the lower suspension 
arms (Fig. 77). They are designed to produce an 
outward force on the strut that will offset the 
twisting forces that are induced by the road on 
the wheel. The effect is to significantly reduce 
the strut sideload/twisting. The addition of these 
springs frees the suspension from this additional 
stress. Freeing the suspension from this stress 
allows the vehicle to achieve a luxury car ride 
and plushness that is consistent with a world- 
class luxury car image. The use of these springs 
on the Continental was the first known applica- 
tion of its type in the world market. 


System Operation 


Unlike the Automatic and Programmed Ride 
Control Systems, there is no ride control switch 
to allow driver control of the strut dampening 
function in the Air Suspension System. АП sys- 
tem operations are automatically performed. 
The system is designed specifically to react to 
undue driving conditions to allow greater control 
and stability for the driver. This greater control 
and stability would not be possible with the typi- 
cal plush suspension that is expected with a 
Continental. 


Road Undulation 


The road undulation function uses the rotary 
height sensors to measure road wheel speed and 
travel (up-and-down movement). If the average 
wheel speed over a specified distance is above a 
predetermined level, the shocks are switched to 
the firm position. This function has been 
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Figure 77 — Continental Rear Suspension 
Counter-Balancing Torsion Springs 


designed to eliminate “grounding out” of the 
subframe when traveling over railroad crossings 
or similar types of road surfaces. 


This function is utilized at vehicle speeds greater 
than 10 mph. The control module will sample the 
height sensors every 4 milliseconds to determine 
if the rate of suspension travel change is suffi- 
cient enough to require a firm shock setting. The 
struts will remain in the firm position until the 
vehicle’s speed drops below 10 MPH and/or the 
rate of change in the suspension movement is 
below the control module’s design limit. This is 
the first known production application of this 
type of suspension system control. 


Acceleration and Deceleration 


The shock dampening is also switched to the 
firm position if the acceleration or deceleration 
values exceed predetermined limits. The acceler- 
ation signal is provided by the EEC-IV module 
and is a combination of throttle position and/or 


engine vacuum level inputs to the microproces- 
sor. The deceleration signal is provided by a pres- 
sure switch located in the brake hydraulic 
circuit. 


These two functional inputs significantly 
improve the vehicle pitch and dive characteris- 
tics during severe braking and heavy accelera- 
tion. Inputs are then combined with a vehicle 
speed parameter that will ignore the decelera- 
tion signal below vehicle speeds of 16.1 km/h (10 
mph). Also, the acceleration signal will be 
ignored at vehicle speeds above (32.2 km/h) 20 
mph to minimize harshness and maximize ride 
plushness. 


The Continental also uses a brake pressure 
switch and a vehicle speed input to signal the 
control module that the vehicle is in a braking 
maneuver. When the brake pressure signal is 
activated above 16.1 km/h (10 mph), the control 
module will switch the struts to the firm posi- 
tion. If the brake pressure signal is deactivated 
and the vehicle’s speed is still above 16.1 km/h 
(10 mph), the shocks will remain in the firm posi- 
tion an additional 0.5 second before switching 
back to the soft position. If the brake pressure 
signal remains activated after the vehicle’s speed 
drops below 16.1 km/h (10 mph), the struts will 
remain in the firm position for only 1.0 seconds. 


Mark МП Air Suspension System 


The final suspension system that will be dis- 
cussed is the Air Suspension System used on the 
Mark VII. This system has been used on the 
Mark VII since its introduction in 1984 and is 
also used on the 1984 through 1987 Continental. 


System Description 


The Mark VII Air Suspension System features 
four air springs, made of rubber and plastic. 
These springs support the vehicle load at the 
front and rear wheels. The front air springs are 
mounted to a spring pocket in the crossmember 
and on the lower suspension arms, in a way simi- 
lar to a conventional front spring system. The 
rear air springs are mounted ahead of the rear 
axle outside the body subframe side members 
and on the lower rear suspension arms in a way 
similar to a conventional rear spring system. 
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A single-cylinder piston-type, electrically oper- 
ated air compressor, mounted on the left fender 
apron, supplies the air pressure for operating the 
system. A regenerative type dryer is attached to 
the compressor manifold. All air flow during 
compression or venting passes through the dryer. 
A vent solenoid, located on the compressor mani- 
fold, controls venting of air from the system. 


The air flow to the entire system is controlled by 
the interaction of the air compressor, solenoids, 
height sensors and control module. All air oper- 
ated parts of the system are connected by nylon 
tubing. 


Vehicle height is controlled by the interaction of 
the air compressor, solenoids, height sensors and 
the control module. 


The major components of the system can be seen 
in the following illustration (Fig. 78). The follow- 
ing statements provide a description and expla- 
nation of component function. 


1. Compressor Relay 


е Opens and closes high amperage battery feed 
circuit to the compressor 


е Module operates compressor by providing 
relay ground circuit 


2. Air Compressor 
е Single-cylinder, motor-driven air compressor 


е Regenerative air dryer removes moisture from 
air entering system 


е Air exhausted during lowering of vehicle 
removes moisture from dryer 


е Four air lines, one to each spring, are covered 
by a protective cap 


3. Service Indicator Light 
е Module monitors system operation; when 
problem is detected, module switches on light 
е Light alerts driver to system malfunction 


е During self-test, light flashes test number and 
helps isolate system malfunctions 
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Figure 78 — Air Suspension System Components 


4. Height Sensor 
e Attached to body and suspension arms 
е One rear, two front 


е Changes in body height are converted to elec- 
tronic signal that informs module when body 
is out of trim 


5. Control Module 
е Microprocessor 


е Controls system components to maintain con- 
stant trim height 


е System diagnostic capability 


e Alerts driver to possible system malfunction 
through the service indicator light 


° Can fill an empty, service replacement air 
spring 


6. ON/OFF Switch 
е Cuts battery feed to module 


е Disables entire system for tire changing or 
service 


7. Air Spring Valve (4) 


е Opened to allow air to enter spring (inflate) or 
vent from spring (deflate) 


е Solenoid-type valve is opened when module 
provides ground circuit for valve coil 


8. Air Spring (4) 


е Made of rubber and plastic, replaces coil 
springs 


е Inflated or deflated to maintain constant vehi- 
cle height 


9. Air Vent Valve 
е Part of air compressor cylinder head 


е Opens only when module wants to lower vehi- 
cle 


е Solenoid-type valve is opened when module 
provides ground circuit for valve coil 
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Control Module and On/Off Switch 


The control module is a small microprocessor 
that receives input signals from certain system 
components and uses output signals to operate 
other components. The input signals from the 
height sensors inform the control module when 
the vehicle is below, above, or at trim height. 


Vehicle trim height is the measurement from a 
level surface to a component on the body. On a 
vehicle without an air suspension system, 
changes in trim height are most noticeable at the 
wheel well openings. When the vehicle is loaded 
in the rear, for example, settling of the suspen- 
sion will change the distance between the top of 
the tires and the fender panels. On an air suspen- 
sion equipped vehicle, the body will maintain a 
constant, level appearance, even with changes in 
load. If the vehicle is above trim height, the con- 
trol module will open the air vent valve and the 
necessary air spring valve(s) until the vehicle 
lowers to trim height. If the vehicle is below trim 
height, the module will operate the air compres- 
sor and open the necessary air spring valve(s) 
until the vehicle rises to trim height. 


For the module to maintain trim height, the sys- 
tem is divided into three specific subsystems: 


e Rear 
е Left Front 
е Right Front 


The module forms the common electrical control 
connection and the air compressor forms the 
common air supply for the subsystem compo- 
nents. Driver actions are signaled to the module 
through the courtesy light switches, ignition 
switch and brake light switch. The control mod- 
ule continuously monitors inputs from the three 
height sensors, the ignition switch, the brake 
and door courtesy lamp circuits. All of these 
inputs are used by the module to make vehicle 
leveling decisions. 
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Figure 79 — Control Module and On/Off Switch 


In addition to operating the load-leveling system, 
the control module has a self-diagnosis capabil- 
ity. While operating the system, the module com- 
pares height inputs against a time factor for trim 
corrections. If the module determines a sensor 
input is invalid, or a time factor is exceeded it 
will alert the driver to a system malfunction by 
lighting the CHECK SUSPENSION indicator 
lamp in the overhead console. During a service 
check to diagnose a malfunction, the module is 
entered into a 10-step diagnostic sequence that 
checks each subsystem and each individual com- 
ponent. 


The module is located behind the trim panel on 
the left side of the trunk. This is also the general 
location of the system ON/OFF switch (Fig. 79). 
When the switch is moved to the OFF position, 
the battery feed circuit to the module is opened 
and the air suspension system is electrically dis- 
abled. Turning the switch OFF will turn the ser- 
vice indicator light ON whenever the ignition 
switch is in the RUN position. 
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WARNING: BE SURE THE SYSTEM CON- 
TROL SWITCH IS IN THE OFF POSITION 
WHENEVER A SYSTEM COMPONENT IS 
BEING SERVICED. THE SWITCH MUST 
ALSO BE IN THE OFF POSITION PRIOR TO 
HOISTING, JACKING, OR TOWING THE 
VEHICLE. 


The control module has a variety of inputs and 
output devices to be aware of. The inputs and out- 
puts are shown in Figure 80. 


Height Sensor 


The air suspension system control module 
requires a vehicle height input signal. There are 
three conditions that can exist: 


е Above Trim Height 
© At Trim Height 
е Below Trim Height 


The sensor signal provides a reading that the control 
module translates into one of the three vehicle 
conditions. 


In addition to vehicle height, the module 
requires input signals to indicate which part of 
the vehicle needs a height correction. One sensor, 
located in the front of the rear axle detects load 
changes in the luggage compartment and pas- 
senger rear seats. The remaining two sensors are 
positioned at each front wheel to detect driver 
and passenger seat loads. 
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Figure 80 — Air Suspension System Inputs and 
Outputs 
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HEIGHT SENSOR 


MAGNET 
SLIDE 


HOUSING 
N 


AND 
ELECTRONIC 
SWITCHES 


WIRING 
HARNESS 


SUSPENSION 
CONTROL ARM 
CONNECTION 


Figure 81 — Height Sensor 


The sensors are attached to the body at one end, 
and to the suspension control arm at the other 
end (Fig. 81). The ends of the sensors are 
attached to the suspension control arms, which 
allows the sliding magnets contained in the sen- 
sor to move with changes in vehicle height. As 
the magnets move, they generate a signal to the 
module through two switches. These switches 
are small electronic circuits, and are attached to 
the sensor housing. 


Movement of the magnets determines switch 
opening and closing. When the vehicle is at trim 
height, the switches remain closed and the mod- 
ule receives a trim signal. If the magnets move 
upward, one switch will open to indicate an 
above-trim condition. Downward movement of 
the magnets will close the above-trim switch and 
close the below-trim switch indicating proper 
trim. 


The opening and closing of these electronic 
switches is monitored by the control module cir- 
cuitry. The switches are not mechanical and no 
attempt should be made to visually inspect their 
operation. Any attempt to probe or inspect the 
height sensor switches can result in failure of the 
sensor. 


Air Compressor Relay 


The battery feed circuit to the air compressor 
motor is opened and closed by the air compressor 
relay. The module provides a ground circuit for 
the relay coil and lets the contact points carry 
the heavy current flow needed to operate the 
compressor motor. When the contacts are mag- 
netically closed, the battery feed circuit to the 
compressor is completed and the motor should 
operate. 


ELECTRONIC SUSPENSION SYSTEMS 


Figure 82 — Air Compressor Relay 


The compressor relay is located near the air com- 
pressor on a bracket attached to the left strut 
tower (Fig. 82). 


Air Compressor 


The pressurized air supply needed to raise the 
vehicle is produced by a motor driven, single- 
cylinder air compressor (Fig. 83), which is 
mounted on the left side of the engine compart- 
ment, just behind the battery. 


AIR COMPRESSOR 


DISCHARGE 
VALVE 


INTAKE 
VALVE 


CONNECTING 
ROD 


COMMUTATOR 
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AIR 
LINE 
FITTINGS 


RUBBER 
INSULATOR 


ARMATURE 


MAGNETS 


Figure 83 — Air Compressor 


When the compressor is operating, the electric 
motor is connected to the battery feed circuit 
through the compressor relay. Operation of the 
relay, and therefore of the motor, is controlled by 
the module. The compressor will operate only if 
the height sensor signal indicates that the vehi- 
cle is below trim height and requires additional 
air to raise it to trim height. 


Before entering the system, the pressurized air 
passes through a dryer containing a silica gel. 
Any moisture contained in the air is trapped in 
the gel to prevent contamination of the system. 
The moisture is removed from the dryer when 
vented air passes out of the system (regenera- 
tion) during lowering of the vehicle. 


AIR SPRING VALVE 


ELECTRICAL 
CONNECTOR 


AIR 
LINE 
FITTING 
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ELECTRICAL 
CONNECTOR 


Figure 84 — Air Spring Valve 


Air Spring Valve 


Air enters and exits the air spring through a 
solenoid-operated valve mounted on the spring 
end cap (Fig. 84). The valve is retained in the end 
cap by a two-stage pressure relief fitting. Air 
leakage between the valve and end cap fitting is 
prevented by a double seal that is formed by the 
spaced O-rings, located on the inlet end of the 
valve. As a further means of eliminating the pos- 
sibility of air leakage, the plastic valve body is 
molded around the internal components to form 
a single, airtight assembly. 
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When the valve is installed in the air spring end 
cap, it is locked in position with a retaining clip. 
As mentioned, the end cap fitting is of a two- 
stage design to provide a pressure relief stage 
and removal stage. This two-step process is a 
safety feature that allows the release of pressur- 
ized air from the spring before the valve is 
removed. The safety provided by the two-stage 
fitting is similar to that provided by a radiator 
pressure cap. 
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AIR SPRING 


FRONT NO. 2 

VALVE CROSSMEMBER 
eee SPRING SEAT 
Р 


RUBBER 
MEMBRANE 


CLAMP RINGS 


FRONT 
LOWER ARM 


ASSEMBLY 
-5560- 


SPRING 
ATTACHING CLIP 


NOTE: Front air spring illustrated — rear air spring 
is identical, except for piston attachment “wane ARG 
to lower arm. 


Figure 85 — Air Spring Attachment 
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AIR SPRING 


DESIGN 
e Air spring is at normal trim height 


e Air pressure contained in rubber membrane 
maintains vehicle height and acts like coil 
spring 

е Air spring valve mounted in end cap opens to 
allow air to enter and exit spring 


е When air is added, vehicle will rise 
e When air is removed, vehicle will lower 


JOUNCE 


е When control arm moves upward, piston 
moves upward into rubber membrane 


е As the arm moves upward toward jounce the 
rate of the air spring increases 


REBOUND 


е When control arm moves downward, piston 
extends outward from rubber membrane 


e Rubber membrane unfolds from around 
piston to allow downward suspension 
movement 


Figure 86 — Air Spring Operation 


WARNING: NEVER ROTATE AN AIR SPRING 
VALVE TO THE RELEASE SLOT IN THE END 
CAP FITTING UNTIL ALL PRESSURIZED 
AIR HAS ESCAPED FROM THE SPRING. 


NOTE: Disconnect the air line and the elec- 
trical connector before removing the air 
spring valve. 


Air Spring 


The air spring replaces the conventional coil 
spring on both the front and rear of the vehicle. 
The top of the front spring is attached to a spring 


pocket in the crossmember, and is held in posi- 
tion by a collar that engages a spring clip (Fig. 
85). The bottom of the spring engages the suspen- 
sion control arm and is held in position by a 
spring clip. The method used to attach the top of 
the rear spring to the body is the same as for a 
front spring. The bottom of the spring, however, is 
attached to the lower suspension control arm 
with standard threaded fasteners. The remain- 
ing suspension system includes stamped front 
control arms, rear link-type stabilizer bar, gas- 
pressurized front shock struts and rear shock 
absorbers. 
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AIR VENT VALVE 


AIR VENT 
VALVE 


AIR 
COMPRESSOR 
CYLINDER HEAD 


AIR INTAKE 
VENT DISCHARGE 


Figure 87 — Air Vent Valve 


With the air suspension system, the vehicle 
weight is actually riding on a cushion of air con- 
tained in the rubber membrane. The air pressure 
within the membrane is high enough and has 
enough surface area, to support the vehicle. 
Spring actions such as jounce and rebound are 
handled by the flexibility of the membrane and 
the compressibility of the air (Fig. 86). 


NOTE: Jounce is the suspension condition 
that which causes spring compression. 
Rebound is the expansion of a suspension 
spring that results from jounce. 


If the vehicle load changes, the body height will 
also change. So that a constant vehicle trim is 
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maintained, the air suspension load-leveling sys- 
tem will add or remove air from the spring. When 
air is added to the spring, the body will rise and 
when air is removed from the spring the body 
will lower. All air entering or exiting the spring 
passes through the air spring valve, which is 
mounted in the spring end cap. 


Air Vent Valve 


Once compressed air has entered the air suspen- 
sion load-leveling system, its only normal means 
of escape is through the air vent valve (Fig. 87). 
The valve is located in the air compressor cylin- 
der head and shares a common electrical connec- 
tor with the motor. 
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Figure 88 — Service Indicator Light 


The valve is enclosed in the cylinder head cast- 
ing, which forms an integral valve housing that 
allows the valve tip to enter the pressurized side 
of the system. Air leakage past the valve tip is 
prevented by an O-ring seal. 


The vent valve is opened when lowering of the 
vehicle is required by load changes detected by 
the module. Lowering of the vehicle requires the 
module to open at least two valves, the vent valve 
and one or more air spring valves. When the vent 
valve is opened, it provides an escape route for 
pressurized air; but the vehicle will not lower 


unless the necessary air spring valve is opened to 
allow air to leave the spring. If both valves are 
open, air will leave the spring and return to the 
compressor through the regenerative dryer. As 
the air passes through the dryer, it collects mois- 
ture and carries it out of the system through the 
compressor cylinder head air intake/vent dis- 
charge. 


NOTE: The air vent valve is serviced only as 
part of the air compressor assembly. 
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Service Indicator Light 


The air suspension service indicator light (Fig. 
88) is located in the overhead console and has 
three functions: 


е If the module detects a problem in the air sus- 
pension system, the module will illuminate 
the indicator light to alert the driver to a sys- 
tem problem. 


e During system self-diagnosis, the light will 
indicate the module’s entry into the diagnos- 
tic sequence, flash the sequence test number 
and indicate a subsystem malfunction during 
test 1 through 3. 


e During the air spring fill sequence, the light 
flashes once every two seconds to indicate 
that the module has entered the air fill 
sequence. 


If the system is operating properly, the lamp will 
come on for one second and then go off when the 
ignition switch is turned from the OFF to the RUN 
position. 
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System Operation 


The control module is confronted with a variety 
of load and driving conditions and has to depend 
on inputs that will describe each individual con- 
dition. The description of each condition contains 
three elements: 


e Changes in load 
e Driver and passenger actions 
e Time 


The first two elements are converted to electrical 
input signals by the system sensors (height sensors, 
door switches, ignition switch, brake switch). The 
third element — time — is measured by circuits 
contained in the control module. Before sending an 
output signal, the module checks each input signal 
against a time element. 


The following system operation charts describe 
typical vehicle conditions. Each chart identifies 
the necessary descriptive inputs, the module’s 
interpretation of these inputs and the necessary 
output signals. 
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LOAD HAS BEEN ADDED TO VEHICLE 


HEIGHT | 2. 2. OPERATE AIR 
SENSORS 2... | COMPRESSOR BY 
PROVIDING 
RELAY GROUND 


DOOR 
SWITCHES 
IGNITION a 
SWITCH 


BRAKE 
SWITCH 


AIR SPRING 


$ OPEN NECESSARY 
VALVE(S) 


2 CLOSE AIR SPRING 
3 VALVE(S) WHEN 
TRIM SIGNAL IS 


RECEIVED FROM 
HEIGHT SENSOR(S) 
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LOAD HAS BEEN REMOVED TO VEHICLE 


MODULE 


INTERPRETATION 
OF INPUTS 


HEIGHT с a 
SENSORS Removal of the load from the 
vehicle allows the body to rise out 
| of trim. The three height sensors 
_ will indicate where the load was 
_ removed: 


OPEN NECESSARY 
AIR SPRING 
VALVE(S) 


Remove air from the 
necessary spring(s) until 
sensor(s) signal vehicle 
trim. If both the front and 
rear need to be lowered, 


the control module will 


+ Let tront — driver service the rear first. 


е Right front - passenger 
e Rear — rear seat 
fuel removed, trunk 


Door(s) have been opened and 
_ closed, indicating the driver or 
_ passenger(s) have left the vehicle. 


The ignition key is in the OFF 
_ position, indicating the vehicle has 
been - 


OPEN VENT VALVE 
DOOR 
SWITCHES 


CLOSE ALL VALVES 
WHEN TRIM SIGNAL 
IS RECEIVED FROM 
HEIGHT SENSOR(S) 


IGNITION 
SWITCH 


BRAKE INHIBIT 


The brake inhibit prevents unnecessary front height adjustments during braking. 


MODULE 


LEFT AND 


RIGHT 
FRONT > 
HEIGHT 


SENSORS 


Norman lowering of the front of the 
vehicle during braking has caused 
м еа 


Because the ignition key 
has been in the RUN 


BRAKE 
SWITCH 


4 | 


SWITCH 
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ELECTRONIC STEERING SYSTEMS 


SNOWBANK LOGIC 


Snowbank logic prevents over-venting of the air springs when the driver unknowingly parks against an obstacle that raises 
the body out of trim. 


MODULE 


RIGHT 

FRONT 
HEIGHT 
SENSOR 


LEFT 
ЕМДЕ 21,2... ee OPERATION OF 
2 j VENT AND AIR 


REAR SPRING VALVES 


HEIGHT 
SENSOR 


IGNITION 
SWITCH 


45-SECOND AVERAGING 


This prevents unnecessary height adjustments when the vehicle is driven into a banked turn that causes body roll, or when 
the vehicle is driven on an uneven road surface. 


MODULE 


RIGHT 
FRONT 
HEIGHT 

SENSOR 


LEFT 
FRONT 
HEIGHT 
SENSOR 


HEIGHT 
SENSOR 


= 
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SERVICE INDICATOR LIGHT IS ON 


MODULE E 


OPEN 
CIRCUIT IN 
POWER 
FEED TO 
MODULE 


ON/OFF 
SWITCH 16 то 
IN THE и 2. SERVICE 
OFF і > INDICATOR 
POSITION LIGHT IS ON 


SYSTEM 
MALFUNC- 
TION 


HEIGHT 
SENSORS 
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System Descriptions Conclusion 


This concludes the section covering System 
Descriptions. As the systems have developed over 
the years, there has been a continual building 
and improvement on each successive system. The 
actual chronology of domestic car electronic sus- 
pension system development is as follows: 


1. Automatic Leveling Rear Suspension 
(Grand Marquis, Crown Victoria and 
Town Car) 


. Air Suspension System (Mark VID 

. Programmed Ride Control — Turbo Coupe 
. Air Suspension System (Continental) 
Ride 


ao A бо N 


. Automatic Control (Super 


Coupe/XR7) 


NOTE: The Probe GT Programmed 
Ride Control System is very similar 
to Programmed Ride Control and 
Automatic Ride Control, but was not 
developed domestically. 


The obvious similarities in the systems include 
several similar components. In the air suspen- 
sion systems this would include air compressors, 
tubing, relays, control valves, input sensors and 
other items. In the ride control systems it would 
include input sensors, actuating devices, struts 
and shocks. 


Although the systems may contain many similar 
components and have some like operations there 
are major differences. This will become obvious 
in the next section which details the diagnostics 
for each of the electronic suspension systems. 


SUSPENSION SYSTEM DIAGNOSIS 


This section discusses diagnosis and testing on 
each of the electronic suspension systems. In 
most cases the descriptions will only discuss the 
self-test or quick-test procedures and points to be 
familiar with. Full and complete diagnostic 
tests, specific procedures and pinpoint tests are 
included in the Shop Manual for the vehicle 
being serviced. 
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Automatic Leveling Rear Suspension System 
Diagnosis 


Malfunctions within this systems are typically 
noted by the system monitor lamp on the instru- 
ment panel. Therefore, it is very important to be 
familiar with the service functions of the moni- 
tor lamp. 


Monitor Lamp Service Functions 


The monitor lamp on the instrument panel func- 
tions in the following manner: 


1. Turning the ignition switch from the OFF 
to RUN position energizes all system con- 
trols and suspends height sensor requests 
for 7 — 13 seconds, except for the service 
monitor lamp which is activated immedi- 
ately when the ignition switch is turned to 
the RUN position. 


2. Тһе lamp will blink at approximately 
1.0Hz whenever the compressor relay is 
on. 


3. The monitor lamp is kept on at abnormal 
system conditions for the following Key 
ON operations: 


a. Detached rear height sensor electrical 
connector or any one detached line. 


b. Accumulated ON time of compressor 
motor relay (110 to 130 seconds). c. Contin- 
uous ON of vent solenoid (55 — 65 seconds). 


c. Continuous ON of vent solenoid (55 - 65 
seconds). 


NOTE: If the rear height lowers to or 
below trim position, the vent opera- 
tion is reset and the monitor lamp 
turns off, for both Key ON and Key 
OFF operations. 


4. When abnormal program run is detected, 
the control module suspends all controls 
and the service monitor lamp remains on. 


5. All system functions of the control module, 
except compressor relay on, are energized 
for 29 — 31 minutes after ignition switch is 
turned to the OFF position. 
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Figure 89 — Diagnostic Pigtail 


System Testing 


There are three quick tests that check the load 
leveling rear suspension. The first one, test A, is 
to check the vehicle load at its curb height. Test 
B is used to check the monitor lamp and Test C is 
a test which initializes the system and causes the 
system to run through its electronically con- 
trolled operations. 


To perform parts B and C of the quick test, a test 
lamp is required. This lamp can be fashioned on 
site using instructions found in Section 14-37 of 
the Town Car/Crown Victoria/Grand Marquis 
Shop Manual. 


To perform the testing, use lamp must be 
attached to the diagnostic pigtail located in the 
luggage compartment on the right quarter panel 
near the control module(Fig. 89). 


Specific conditions that a vehicle could exhibit 
include: 
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e System Inoperative 


e Vehicle low or high: vehicle rises and lowers 
OK when load is added or removed, but nor- 
mal trim height seems high or low. 


е Vehicle rises OK, but gradually leaks down. 


e Compressor cycles on and off intermittently 
while driving. 


e Compressor runs continuously for two min- 
utes with ignition switch in RUN. Vehicle may 
not rise. 


e Compressor turns off after two minutes of 
accumulated operating time. Vehicle may not 
rise. 


е Vehicle high or will not lower with ignition 
switch ON or OFF. 


е Vehicle low or compressor does not run with 
ignition switch ON and a load applied. 


e Excessive bottoming in rear with load. 


If a vehicle should exhibit any of these conditions 
refer to Section 14-37 of the Town Car/Crown Vic- 
toria/Grand Marquis Shop Manual for diagnostic 
information. 


Turbo Coupe Programmed Ride Control 
Diagnostics 


The Turbo Coupe Programmed Ride Control Sys- 
tem has built in self-test capabilities similar to 
other electronic control systems. This test proce- 
dure will identify specific areas of the system 
which are not functioning correctly, and output a 
code through the ride control indicator lamp. 
These codes can be used to locate the exact cause 
of a malfunction in the Shop Manual Diagnostic 
Charts. 


During normal operation, the control module 
continuously monitors the entire system. In the 
event of a malfunction, the firm ride lamp on the 
tachometer face will flash. By moving the switch 
to the opposite position and back, erroneous 
codes can be cleared from the memory. If the 
lamp continues to flash, the system self-test 
should be run to determine the area of the mal- 
function. 
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CONSOLE 


ASH RECEPTACLE 
OPENING 


FABRICATED TOOL — 
INSERT INTO CONNECTOR 


TOP OF CONNECTOR 


DIAGNOSTIC 
BOTTOM OF CONNECTOR CONNECTOR 


Figure 90 — Diagnostic Connector 


To initiate a self-test, a jumper must be placed in 
the diagnostic connector which is located below 
the ash tray (Fig. 90). Fabricate a jumper tool as 
shown (Fig. 91), and Solder it to a screwdriver 
that is at least 7 inches long. The self-test proce- 
dure can now be performed. 


(ZINCHES) ; Self-Test 


SCREWDRIVER | The self test procedures outlined in steps Al 
through A7 are intended to check the electrical 
circuitry and determine the area responsible for 
a system malfunction. Test sequences B through 
PIECE OF STEEL D are located in section 14-39 of the Thunder- 
bird/Cougar Shop Manual and must be used to 
determine the exact cause of the malfunction 
and the action required to correct it. 


Figure 91 — Fabricated Jumper Tool 


ELECTRONIC SUSPENSION SYSTEMS 


QUICK TEST 


е Turn ignition switch to the OFF position. Firm ride lamp blinks 
one of the following 


е Ensure headlamps and parking lamps аге in the Сга Jour times: 


OFF position during the entire test. 
е Set shock select switch to the AUTO position. 6 No problem yet. 
е Remove ash receptacle from console and insert GO to A2. 
fabricated tool in diagnostic connector as shown. 


CONSOLE 7 = ай Fault іп LH rear actuator 


circuit. 
А. =, ASH RECEPTACLE GO to B1. 
OPENING 


Fault in RH rear actuator 
: 4 circuit. 
DIAGNOSTIC Й г, GO to B8. 
CONNECTOR 
ө Do NOT move shock select switch during test. Fault in RE front 
е Start engine and perform the following steps while actuator circuit. 
engine is running. GO to B8. 


1. Remove fabricated tool from diagrostic connector 
within 20 seconds of starting the engine. Fault in LH front actuator 
circuit. 


2. Count the blinks of the firm ride lamp in the GO to B8 
tachometer. | 


NOTE: The lamp will blink the same code four 


Short in Soft relay 
times, once every 9 seconds. 


GO to B21. 


REPLACE Programmed 
Ride Control (PRC) 
module. 


Shoft in hard relay 


control. 
FABRICATED TOOL — 
INSERT INTO CONNECTOR GO to B25. 


TOP OF CONNECTOR 1 then 4 Fault in relay control 


circuit. 
GO to B25. 


Firm ride lamp does GO to C1. 
not turn on 


Firm ride lamp comes Fault in lamp control. 
on and stays on even GO to C17. 
BOTTOM OF CONNECTOR though switch is in 


AUTO position 
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ELECTRONIC SUSPENSION SYSTEMS 


QUICK TEST — Continued 


NOTE: Steps A2 and A3 may be repeated as many | Firm ride lamp GO to A3. 
times and in any order desired to ensure proper turns on for 5 

test results. However, once the engine is turned seconds, then turns off 

off or the shock select switch is moved, you must 

proceed to step А4 or start over at step АТ. 


е Wait until lamp has stopped blinking. Firm ride lamp (9%) Fault in steering sensor 


; Е А А does not turn оп circuit. 
е With the vehicle at rest and engine running, test the GO to D13. 


steering sensor by turning the steering wheel from 
lock in one direction to lock in the other direction (3 
full turns) or until firm ride lamp turns on. 


NOTE: The lamp will usually turn on before the 
wheel has completed the lock turn. This is 
normal. 


е Wait until lamp has turned off from Step A2. Firm ride lamp GO to А4. 
turns on and stays 

on until vehicle speed 

drops below 15 mph 

(24 Km/h) 


е Drive the vehicle at any desired speed above 
15 mph (24 Km/h). 


Firm ride lamp (98) Fault in speed sensor 


circuit. 
GO to D19. 


does not turn on 


е Stop vehicle and turn engine off. Firm ride lamp GO to А5. 


я арыс turns on for 4 
е Move shock select switch to AUTO if it is not seconds, then turns off 
already there. 


е Move the ignition switch to the RUN position, 
leaving the engine off. Firm ride lamp (08 Balas itm signal, 
е Wait until the firm ride lamp has turned off (usually | turns on and stays ` GO to D6. 
after 4 seconds). on even though switch 
is in AUTO position 


Firm ride lamp (98) RECORD code and 
turns on for 4 REFER to Step А1 for 
seconds, then flashes action to take. 

a code 
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NOTE: Steps A5 through A6 may be performed in 
any order and as many times as desired to ensure 
satisfactory results. 


ө Move the shock select switch to AUTO if it is not 
already there. 


е After the firm ride lamp has turned off, move the 
shock select switch to the FIRM position. 


е After the firm ride lamp has turned on, move the 
shock select switch back to the AUTO position. 


е Move the shock select switch to AUTO if it is not 
already there. 


е After the firm ride lamp has turned off, depress the 
brake pedal until the firm ride lamp turns on. 


е After the firm ride lamp has turned on, release the 
brake pedal. 


е Move the shock select switch to AUTO if it is not 
already there. 


е After the firm ride lamp has turned off, depress the 
accelerator pedal to the floor. The firm ride lamp 
should turn on. 


е After the firm ride lamp has turned on, release the 
accelerator pedal. 
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QUICK TEST — Continued 


Firm ride lamp 
turns on in FIRM, 
off in AUTO 


Firm ride lamp 
does not turn on 


Firm ride lamp 
flashes a code 


Firm ride lamp 
turns on 


Firm ride lamp 
does not turn on 


Firm ride lamp 
flashes a code 


Firm ride lamp 
turns on when 
pedal is pressed to the 


floor, off 4 seconds 
after the pedal is 


released 


Firm ride lamp 
does not turn on 


Firm ride lamp 
flashes a code 


GO to A6. 


Fault in shock select 
switch circuit. 
GO to D23. 


RECORD code and 
REFER to Step АТ for 
action to take. 


GO to A7. 


Fault in brake sensor 
circuit. 
GO to 027. 


RECORD code and 
REFER to Stop АТ for 
action to take. 


If the complete test has 
been completed (Steps 
А1 through A7), then the 
vehicle has passed 
diagnostics. 


Fault in acceleration 
signal circuit. 
GO to 031. 


RECORD code and 
REFER to Step А1 for 
action to take. 
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Figure 92 — Diagnostic Connector 


Automatic Ride Control 


The Automatic Ride Control System used on the 
Thunderbird Super Coupe and Cougar ХКТ fea- 
ture computer assisted diagnostics using the 
STAR or Super STAR II hand held diagnostic 
tester, Rotunda 007-00017 or 007-00028. 


Diagnostic on the Automatic Ride Control Sys- 
tem also include the EVO Steering System (cov- 
ered in this manual). The major components of 
the Automatic Ride Control and EVO systems, 
including the self-test connector (located near 
right shock tower in engine compartment) are as 
shown (Fig. 92). 


It should be noted that whenever the system is in 
the firm ride mode, regardless of switch position, 
the firm ride lamp will come on (Fig. 93). In the 
event of a malfunction, the firm ride lamp will 
flash on and off. 


The flashing actually indicates codes. If there is 
a code stored, the code will flash on the lamp 
when the key is turned to the ON position. 


The following chart (Fig. 94) shows the quick test 
procedure using the STAR Tester or Super STAR 
II Tester. Note the STAR codes and firm ride 
lamp blinks. 


Probe GT Programmed Ride Control 
Diagnostics 


There are three different test procedures to fol- 
low for the Programmed Ride Control Quick 
Test. 


Л СНЕСК DOOR 
т” ENGINE AJAR 


OVER 
DRIVE 


Figure 93 — Firm Ride Lamp 
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ELECTRONIC SUSPENSION SYSTEMS 


QUICK TEST 


Turn ignition switch to the OFF position 


Ensure headlamps and parking lamps are in the OFF 
position during the entire test 
Set shock select switch to the AUTO position. 


Take Rotunda Super Star ІІ (Model 007-00019, 
007-00028) or Star (Model 007-00017) Tester or 
equivalent and place іп the “Hold” up position. 
Format for the Super Star ІІ can be in slow or fast 
format for status codes. 


Connect Super Star Il or Star tester to ST1 connector 
marked ‘‘ARC/EVO,’ located under hood by the 
passenger side shock tower. 


Turn the Star Tester on, and depress the Star test 

button to the “ТЕ5Т” down position. 

NOTE: If using a Super Star |! tester, make sure the 
mode switch is in the EEC-IV, MCU mode not 


the MECS mode. If in MECS mode you will get 


invalid error codes. 


Do NOT move shock select switch during test 


Start engine and perform the following steps while 
engine is running. 


1. The following procedure must be initiated within 20 
seconds after starting the engine. 


2. Release Star tester in the “TEST” mode to the 
“HOLD” mode and back to the “TEST” mode 
within 5 seconds. 


3. The ARC/EVO module will run through self-test 
procedure and record error codes to the Star tester 
and also pulse out error codes to the firm ride 
lamp. 

NOTE: The lamp will blink the same code two 
times. 


* NOTE: Switch must be set in AUTO position; otherwise, 


a code 21 will be displayed. 


20 


30 


40 


50 


60 
Circuit 


Firm ride lamp 


blinks the 
following codes 
two times. 


1 THEN 1 


1 THEN 2 


1 THEN 3 


1 THEN 4 


ON 
ALWAYS 


1 THEN 6 
2 THEN 2 


2 THEN 3 


2 THEN 6 


No problem yet 


Fault in LH rear actuator circuit 


Fault in RH rear actuator circuit 


Fault in RH front actuator circuit 


Fault in LH front actuator circuit 


Short in soft relay 


EVO steering open 


REPLACE automatic ride 
control module 


Soft relay short to ground 
or open circuit 


Hard relay short to ground 
or open circuit 
Fault in relay control circuit 


Firm ride lamp short to ground 
or open circuit 


EVO steering circuit short 
Soft relay short to battery 
Hard relay short to battery 


Firm ride lamp short to battery 
ground 


EVO steering valve bad 
Refer to Automatic Ride Control 


Diagnostics in Shop Manual 
Section 14-39 


Figure 94— Automatic Ride Control/EVO Steering System Quick Test 
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Excessive body roll 
Excessive dive or squat under 


hard braking or acceleration 


Suspension setting does not 
change when switch is changed 


Steering angle sensor, control Go to PRC Quick Test 
unit, wiring harness, actuators 


Vehicle speed sensor, control 
unit, actuators, wiring harness 
i , 


Suspension setting does not cor- | Actuators, control unit, wiring Go to PRC Quick Test 
respond to PRC switch position harness, PRC switch 
Actuator, wiring harness, PRC Go to PRC Quick Test 
switch, control unit. 


Go to PRC Quick Test 


Figure 95 — Symptom Chart 


е Test A — Checks the steering angle sensor 
operation within the PRC system. The test is 
performed by turning the steering wheel right 
and left and following the procedure outlined 
for the Key ON Engine OFF Quick Test. 


е Test В — Checks the ride control switch oper- 
ation within the PRC system. The test is per- 
formed by changing the PRC switch from 
NORMAL to SPORT and from NORMAL to 
SOFT following the procedure outlined for the 
Key ON Engine OFF Quick Test and Continu- 
ous Quick Test. 


е Тез! С — Checks vehicle speed sensor opera- 
tion within the PRC system. The test is per- 
formed by jacking up the front of the vehicle 
and rotating the front wheels at above 15 km/h 
(9.3 mph) following the procedures outlined 
for the Key ON Engine OFF Quick Test. 


The following chart indicates the types of symp- 
toms associated with the PRC Quick Tests (Fig. 
95). Refer to the Probe Shop Manual for further 
PRC Quick Test Information. 


Visual Inspection and Vehicle Preparation 


Before performing any test, visually inspect the 
vehicle for any abnormal conditions such as loose 
wires, improper connections, or damaged hoses. 
Make any necessary repairs before continuing 
with the Quick Tests. 


Equipment Hookup 


An analog volt-ohmmeter (VOM) can be used to 
read programmed ride control service codes (Fig. 
96). Use the following instructions to hook up the 


VOM. It should be noted that the PRC test con- 
nector and VAPS (Variable Assist Power Steer- 
ing) test connector are the same connector. 


1. Turn the ignition key OFF to reset the con- 
trol unit. 


2. Set the VOM on a DC voltage range to read 
from 0 to 15 volts. 


3. Connect the VOM red (+) lead to the 
blue/white terminal and the black (-) lead 
to the black terminal. 


NOTE: The Programmed Ride Control test 
codes are separated by a two second pause, 
unlike the Variable Assist Power steering 
codes which are repeated in ten second 
intervals. 


Figure 96 — Equipment Hookup 
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Key ON Engine OFF Quick Test: 


Use the chart (Fig. 97) in conjunction with the 
information presented in this segment. 


Begin with Test Step A ( turning the steering 
wheel right and left) following the instructions in 
the test step column. While performing Test Step 
A, ignore the code pulses retrieved when the 
steering wheel is in the center position. A pass 
code in the “Action to Take” column indicates 
that no faults have been detected and therefore 
you should proceed to the next test step. 


1. Turn the ignition key off to reset the con- 
trol unit before performing each test. 


2. Attach the VOM as instructed in Equip- 
ment Hookup. 


3. Turn the ignition key ON. 


4. Place the steering wheel in the straight 
ahead position. 


5. Turn the VOM on. 


6. Record all service codes displayed and refer 
to “Test Step В” in the code output chart. 
Perform Test Step B. 


7. Jack up the front of the vehicle. 


8. Rotate the front wheels at above 15 km/h 
(9.3 mph). The engine can be started to 
rotate the wheels for this part of the test. 


NOTE: The code output chart shows 
volt-ohmmeter pulses, notice that the 
same code pattern can sometimes 
indicate different faults in different 
quick test steps. 


9. Record all service codes displayed and refer 
to “Test Step С” in the code output chart. 


If a pass code is indicated in all steps of the 
Key ON Engine OFF Quick Test, continue 
on with the Continuous Quick Test. 


Continuous Quick Test 


The Continuous Quick Test provides an opportu- 
nity to try and recreate an intermittent fault. 
Before conducting the Continuous Quick Test, 
make sure that a pass code was indicated in all 
steps of the Key ON Engine OFF Quick Test. 
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Go to Pinpoint Test A 


(Set steering wheel 
in straight ahead 
position with engine 
idling.) 


Go to Pinpoint Test B 
Go to Pinpoint Test C 


Press Code 


with engine idling.) 


ACTION TO 1 
Go to Pinpoint Test B 
4. ПШ D 
Press Code 
4 ред Т)! ШЕШЕЙ || 


Go to Pinpoint Test С 
4. УЙ || 
wl 
а ОИ 


Е РАТТЕН! ОК TO ТАКЕ 
05 10 SECONDS Go to Pinpoint Test A 
в--і 
44М 
УШІН 
тшп ши 
тшщ уа 
Go to Pinpoint Test О 
4. ЕЗІ e 1) 
ы. с | 


Go to Pinpoint Test С 
If fault is not found 


(Jack up the vehicle 
and drive the front 
wheels at more than 
10 km/h (6.2 mph). 


Service Section 13-01. 


= кш 


Figure 97 — Test Procedures 
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_ |то PROGRAMMED RIDE CONTROL TEST CONNECTOR | 


44У 


0.5 SEC. 


0.5 
SECOND L 


0.5 SEC. 


0.5 SEC. 


0.5 
SECOND 


TIME (SECONDS) 


Figure 98 — Test Step A Code 02 Pattern Example 


1. Attach the VOM to the test connector as 
instructed in Equipment Hookup. 


2. Turn the ignition key to the ON position. 


At this point the system is in the Continuous 
Monitor Mode. Tap, wiggle, and move the suspect 
sensor and/or harness while running all the steps 
of “Test Step В.“ Follow the appropriate “Action 
to Таке.” 


PRC Test Codes Example 


All Programmed Ride Control Quick Test code 
patterns are single digit codes. Each pulse of the 
code will last approximately 0.5 second and 
pulses are separated by a 5.0 second time period. 
Refer to the example code provided (Fig. 98). 
After a code has been completed, it will be 
repeated again following a 2 second time period. 
This 2 second period provides enough time to dis- 
tinguish the beginning and end of the test code 
pattern. 
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Continental Air Suspension System Diagnostics 


Diagnostics on the Continental Air Suspension 
System are quite detailed. The overall system 
analysis can be divided into three parts. 


е Drive Cycle Diagnostics 
е Service Bay Diagnostics 
е Spring Fill Diagnostics 


All three parts require the use of the Rotunda STAR 
(007-00004) or Super STAR II Tester (007-00041). 
The Super STAR Tester (007-00019) cannot be used. 


If a malfunction should occur in the Continental 
Air Suspension System while driving, the ride 
control warning lamp in the message center will 
light. This indicates that a code is stored and that 
it can be retrieved using Drive Cycle Diagnostics. 
tics. 


- 
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Drive Cycle Diagnostics 


This part of diagnostics will display any error codes 
that have occurred during the last drive cycle 
(Ignition ON Cycle). This test was designed 
primarily to test the vehicle speed input and provide 
a means of detecting intermittent faults which may 
not be found when running the Service Bay 
Diagnostic test. 


The test is run basically by driving the vehicle until 
either the “RIDE CONTROL’ message is displayed 
or the technician feels that the vehicle has been 
driven for an adequate period of time. The vehicle 
should then be driven directly to the service area 
and parked with the ignition in the OFF position. 


NOTE: The fault codes are now stored for up 
to one hour of ignition OFF time or until the 
ignition is turned back to the ON position. 
Therefore care must be taken not to turn the 
ignition back ON since this will erase any failure 
codes which have been stored. 


A STAR tester should now be connected followed 
by depressing the test button. The tester will display 
either a pass code or one or more fault codes. There 
are 32 possible fault codes. Any codes will be 
continuously displayed until either the ignition has 
been OFF for one hour or the ignition is turned 
back ON. 


Service Bay Diagnostics 


This part of the diagnostics is divided into three 
areas: 
е Auto/Manual Diagnostic Check 


е Fault Code Display 
е Pinpoint Tests 


Auto/Manual Diagnostic Check — This test allows 
the air suspension control module to verify itself 
and to check the operation of various components. 
After performing these tests, The STAR Tester will 
display “12/оКау to do manual checks” or 13/Faults 
detected do manual checks.” Тһе manual input 
checks should be performed at this time. 


Figure 99—Suspension On/Off Switch 
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Service Bay Diagnostics Entered 

System Checked Out Okay 

Automatic Test Completed — No Faults Detected — Perform Manual Inputs 
Automatic Test Completed — Faults Detected — Perform Manual Inputs 
No Faults Detected 


Vent Right Front Air Spring 
Vent Left Front Air Spring 
Vent Right Rear Air Spring 
Inflate Right Front Air Spring 
Inflate Left Front Air Spring 
Inflate Right Rear Air Spring 
Vent Left Rear Air Spring 
Inflate Left Rear Air Spring 


Air Compressor Toggle 

Vent Solenoid Valve Toggle 

Air Spring Solenoid Valve Toggle 
Shock Actuator Toggle (Firm/Soft) 
Door Open & Door Closed Detection 


Short — Left Front Air Spring Solenoid Valve Circuit 
Short — Right Front Air Spring Solenoid Valve Circuit 
Short — Left Rear Air Spring Solenoid Valve Circuit 
Short — Right Rear Air Spring Solenoid Valve Circuit 
Short — Vent Solenoid Valve Circuit 


Short — Air Compressor Relay Circuit 

Short — Height Sensor Power Supply Circuit 
Short — Soft Shock Actuator Relay Circuit 
Short — Firm Shock Actuator Relay Circuit 
Unable to Detect Lowering of Right Front Corner 


Unable to Detect Lowering of Left Front Corner 
Unable to Detect Lowering of Right Rear Corner 
Unable to Detect Lowering of Rear of Vehicle 
Unable to Detect Raising of Right Front Corner 
Unable to Detect Raising of Left Front Corner 
Unable to Detect Raising of Right Rear Corner 
Unable to Detect Raising of Rear of Vehicle 


Speed Greater Than 15 mph Not Detected 

Soft Not Detected — Left Rear Shock Actuator Circuit 
Soft Not Detected — Right Front Shock Actuator Circuit 
Soft Not Detected — Left Front Shock Actuator Circuit 
Soft Not Detected — Right Rear Shock Actuator Circuit 


Firm Not Detected — Left Rear Shock Actuator Circuit 
Firm Not Detected — Right Front Shock Actuator Circuit 
Firm Not Detected — Left Frt Shock Actuator Circuit 
Firm Not Detected — Right Rear Shock Actuator Circuit 
Soft Not Detected — All Shock Actuator Circuits 


Firm Not Detected — All Shock Actuator Circuits 
Short — Right Front Height Sensor Circuit 
Short — Left Front Height Sensor Circuit 

Short — Rear Height Sensor Circuit 

Open — Rilght Front Height Sensor Circuit 


Open — Left Front Height Sensor Circuit 

Open — Rear Height Sensor Circuit 

At Least Four Open & Closed Door Signals Not Detected 
Brake Pressure Switch Activation Not Detected 

Steering Wheel Rotations Not Detected 


Acceleration Signal Not Detected 

Unable to Detect Lowering of Left Rear Corner 
Unable to Detect Raising of Left Rear Corner 
Insufficient Battery Voltage to Run Diagnostics 


NOTE: System faults have been prioritized for repair. Start with those codes identified 
with a service priority of: 1st, then 2nd, then 3rd, . . . and finally 7th. 


Figure 100 — Air Suspension Fault Codes 
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Fault Code Display — The fault codes can be dis- 
played at this time using the STAR Tester. Each 
fault code detected will be displayed for about 15 
seconds. The code display will continue until 
they are no longer needed. The codes should be 
written down at this time. 


Functional Tests — The fault codes recorded dur- 
ing the Drive Cycle diagnosis should be com- 
pared to the fault codes recorded during Service 
Bay diagnosis. The codes which appear during 
both tests are hard faults. The codes appearing 
only in the Drive Cycle diagnostics are intermit- 
tent faults. 


Each fault code (Fig. 100) has its own pinpoint 
test. These tests have priorities assigned to them 
with “1” being the highest priority and “7” 
being the lowest priority. One fault may cause 
other fault codes to be displayed. Perform the 
Pinpoint tests in order of priority starting with 
the highest priority. 


The chart (p. 98) explains how the air suspension 
system is tested for Drive Cycle Diagnostics, 
Service Bay Diagnostics and Spring Fill Diag- 
nostics. Refer to the Continental Shop Manual, 
Section 14-40-34 for Pinpoint Tests. 


Mark УП Air Suspension System Diagnostics 


The Air Suspension system in use on the Mark 
VII and some Continental models is a fairly com- 
plicated system to test as there are 10 specific 
diagnostic tests that check the system out. 
Before attempting the tests it is important to be 
aware of some specific components. 


This system is equipped with an ON/OFF switch, 
located with the control module and diagnostic 
connector in the luggage compartment (Fig. 101). 


There is also an air suspension warning lamp 
mounted on the overhead console. In some 
instances, the warning lamp can be used as a 
diagnostic aid. The warning lamp has three 
main functions: 


1. During normal operation with the ignition 
in the RUN position, the lamp glowing 
continuously indicates a possible air sus- 
pension system malfunction. 


SWITCH ASSY AIR SUSPENSION CONTRO 


| DIAGNOSTIC PIGTAIL 
DURING DIAGNOSTICS OR 
AIR ING FILL THIS LEAD 

MU CONTINUOUSLY ATTACHED 
TO A GOOD ELECTRICAL GROUND. 


Figure 101 — On/Off Switch, Control Module, and 
Diagnostic Connector. 


2. During diagnostic testing the lamp blinks 
at a rate of 1.8 blinks per second to show 
that the diagnostic routine in the module 
has been entered and then blinks the test 
number that is being run during the test 
sequence. 


3. During the air spring fill routine, the lamp 
blinks at a rate of 1 blink every two sec- 
onds to show that the air fill routine in the 
module has been entered. 


Specific conditions relating to system operation are 
also evident on the lamp. These include: 


е On a vehicle operating normally, the warning 
lamp will glow for approximately one second 
and then go out when the ignition is turned 
from the OFF to RUN position. The lamp does 
not operate when the ignition is in either the 
OFF or START position. 
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DIAGNOSTICS 


DRIVE CYCLE SPRING FILL SERVICE BAY 


Tae 


е, 
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Rear air springs are overfilled to a high vehicle 
position, vented to low vehicle position and then 
refilled to a trim position, to verify height sensor 


signals 


Right front air spring is overfilled to a high vehicle 


position, vented to low vehicle position and then 
refilled to a trim position, to verify height sensor 


signals 


Left front air spring is overfilled to a high vehicle 
position, vented to low vehicle position and then 
refilled to a trim position, to verify height sensor 


signals 


Compressor motor is cycled on and off 


Air vent valve is cycled on and off 


Each air spring valve is cycled on and off in the 


following order: LF, RF, RR, LR, and the Air 
Vent Valve 


Checks brake circuits and removes module from 


diagnostic sequence 


Service indicator light glows if proper signal 
from sensor is not received during each section 
of test 


Service indicator light glows if proper signal from 
sensor is not received during each section 
of test 


Service indicator light glows if proper signal from 
sensor is поі received during each section 
of test 


If audible “hum” of compressor motor is not 
heard, motor or compressor circuit may be 
source of problem. 


If audible “сііск” of valve is not heard, valve or 
circuit may be problem. 


If audible “сііск” of valve is not heard, valve or 
circuit may be problem. If the body does not 
lower at the wheel being tested, a blocked air line 
or compressor dryer may be the problem 


Service indicator light continues to flash 


Figure 102 — Test Chart 


e If the lamp does not go out after turning the 
ignition from the OFF to the RUN position, it 
indicates no battery power to the module. 


e If the lamp glows for approximately 1/2 sec- 
ond, goes out, and then glows continuously 
after 5 — 8 seconds, when the ignition is 
turned from the OFF to RUN position, a height 
sensor or harness malfunction is indicated. 


е After the ignition is turned from the OFF to 
RUN position, if the lamp comes on and glows 
continuously at any time after 8 seconds, a 
system malfunction is indicated. 


е Once the warning lamp comes on during ап 
ignition ON cycle, it will glow continuously for 
that ignition ON cycle. 


99 


е Erratic operation of the warning lamp (blinking 
or occasional flashing) during an ignition ON 
cycle indicates a system malfunction. 


As stated earlier, the diagnostic sequence for this 
test has 10 parts. The first three tests are con- 
trolled by the module which will make the pass- 
/fail decisions. Tests 4 through 10 require 
pass/fail decisions to be made by the technician. 
The actual components being checked in each 
test are shown on the following chart (Fig. 102) 
and its accompanying illustration (Fig. 103). 


Diagnostic Test Sequence 


Use the following procedures to test the Mark 
VII air suspension system. 


ELECTRONIC SUSPENSION SYSTEMS 


SYSTEM DIAGNOSTIC PIGTAIL 
е Grounding pigtail initiates diagnostic 
strategy 


SERVICE INDICATOR LIGHT 


е Also flashes repeatedly, indicating test 


net or Lan port number currently in progress 


(4) 


BRAKE SWITCH 
* Actuating brake returns control module 
AIR from diagnostics to normal operating SYSTEM 


COMPRESSOR VENT mode and test the brake switch circuit. ON/OFF 
AIR SPRING VALVE SWITCH 


VALVE 
(5) AIR SPRING 
VALVE 


AIR SPRING 
VALVE 


AIR SPRING 


а iii AIR SPRING 


AND SENSOR DOOR SWITCH 


е Opening and closing door sequences 
diagnostic test from 1 to 9 


Figure 103 — Components Being Tested 
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DIAGNOSTIC TEST SEQUENCE 


VEHICLE PREPARATION 


1. Check vehicle for overloading 
L] Check vehicle passenger compartment and trunk for loads 
LI Remove all loads; vehicle must be at curb weight 


2. Check service indictor light function 
ГІ Turn ignition switch to RUN position and observe indicator light function: 
ПІ Flashes once and goes out 
LI Comes оп and remains оп 
e Air suspension service switch 
(must be on) 
e Switch feed circuit 
Ll Does not flash or come оп 
е Switch feed circuit 
е Indicator bulb 
е Door switches 
е Fuse in ignition circuit 687 
е Bulb feed circuit 
e Bulb circuit to module 
е Ignition circuit 687 


_ 22 П тит ignition to OFF position 


и NOTE: Connect a battery charger and a voltmeter to the battery; leave them connected for the 
duration of the test sequence. 


CAUTION: If the voltmeter reading drops below 12 volts during the test sequence, increase 
the rate of charge. If the voltage level is allowed to drop below this level, damage to 
the compressor motor or relay may result. 


3. Level vehicle 
ГІ Driver door closed with window open 
0 Set parking brake 
[1 Service brake off 
LI Reach through open window and turn ignition key to RUN position for minimum of five 
minutes; then turn ignition key to OFF 


NOTE: The door must remain closed, or the module will not service down signals from the 
height sensors. 
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DIAGNOSTIC TEST SEQUENCE 


DIAGNOSTIC TEST SEQUENCE 


DIAGNOSTIC TEST SEQUENCE 


TEST 2 - RIGHT FRONT SUSPENSION SYSTEM 


Enter Test 2 


LI Test 1 passed Open and close door once 
О Test 1 failed Open and close door twice 


The service indicator light will flash two times with a pause occurring between each series of flashes. 
Watch the light and let the test proceed. If a failure occurs, this test can be repeated using the 
System Performance Checklist below to help isolate the subsystem problem, or Test 3 can be 
performed. 


Test Results 


CI Test 2 completed and light continues to flash test number (two flashes) Test 2 passed; 
proceed to Test 3 


О Light on, no flash Test 2 failed; repeat Test 2 using System Performance Checklist below, 
or proceed to Test 3 


О Light flashes rapidly (4/sec.) Test 2 failed; repeat Test 2 using System Performance Checklist 
below, or proceed to Test 3 


System Performance Checklist 


NO 
. Compressor relay clicks closed (hand felt) Go to Shop Manual Pinpoint Tests 


. Compressor cuts in Go to Shop Manual Pinpoint Tests 
. Right front air spring valve clicks open Go to Shop Manual Pinpoint Tests 


. Vehicle rises for 15-30 seconds; sensor signals Ша! 
vehicle is high. (The compressor should cut out) .. LJ Go to Shop Manual Pinpoint Tests 


. Air vent valve clicks open and vehicle lowers for a 
maximum of 30 seconds; sensor signals that 
vehicle is low. (The air vent valve should click 
closed and the compressor should cut in) Go to Shop Manual Pinpoint Tests 


. Vehicle rises back to trim height; sensor signals 
vehicle is at trim height (Right front air spring valve 
should click closed and compressor should 
cut out) Go to Shop Manual Pinpoint Tests 
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DIAGNOSTIC TEST SEQUENCE 


^^ 


DIAGNOSTIC TEST SEQUENCE 


го 
и 


DIAGNOSTIC TEST SEQUENCE 


TEST 6 - LEFT FRONT AIR SPRING VALVE 


Enter Test 6 
[1 Open and close door once 
The service indicator light will continuously flash six times to indicate the test number. 


System Performance Checklist 


YES NO 
1. Air vent valve Clicks open: ..................... ПІ Go to Shop Manual Pinpoint Tests 
2. Air spring valve clicks open and closed (air can be 
heard escaping through air vent valve) .......... O Go to Shop Manual Pinpoint Tests 


NOTE: Because air is escaping from the air spring, the left front corner of the vehicle will 
22222 lower. If the vent and air spring valves click, but air does not escape through the air vent, look 
22 for a pinched or plugged air line. 


_ ТЕТ 7 - RIGHT FRONT AIR SPRING VALVE 
— Enter Test 7 
o Open and close door once 


The service indicator light will continuously flash seven times to indicate the test number. 


System Performance Checklist 


YES NO 
1. Air vent valve clicks open ..................... [| Go to Shop Manual Pinpoint Tests 
2. Air spring valve clicks open and closed (air can be 
heard escaping through air vent valve О Go to Shop Manual Pinpoint Tests 


NOTE: Because air is escaping from the air spring, the right front corner of the vehicle will 
lower. If the vent and air spring valves click, but air does not escape through the vent, look 
for a pinched or plugged air line. 
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DIAGNOSTIC TEST SEQUENCE 


DIAGNOSTIC TEST SEQUENCE 


TEST 10 - BRAKE CIRCUIT AND REMOVAL OF MODULE FROM DIAGNOSTIC SEQUENCE 
Enter Test 10 

[1 Open and close door once 

The service indicator light will continuously flash 10 times to indicate the test number. 

CI Press brake pedal 

The service indicator light will flash once and then turn off. 

System Performance Checklist 


YES NO 
1. Indicator light flashes once and turns off Г Go to Shop Manual Pinpoint Tests 


CHECK:SHOP MANUAL 
е Brake switch feed circuit 
е Brake circuit to module 


NOTE: After completion of the diagnostic sequence, unground the diagnostic pigtail. 


ELECTRONIC SUSPENSION SYSTEMS 


GLOSSARY 


Actuating Device - An electromechanical device that follows instructions from the control module and 
puts them into action. 


Air Spring - A type of automotive suspension spring which relies on a membrane filled with air to perform 
the same function of a typical leaf or coil spring. 


ARC - Automatic Ride Control. 


Brake Sensor Switch - A switch assembly that detects when heavy braking occurs and provides this 
information to the control module. 


Calibration - A fixed setting. 
Coil Spring - A type of suspension spring made of coiled steel. 


Control Module - A semiconductor microprocessor device that is used to control the action of a steering 
and/or suspension system. 


Counter-Balancing Torsion Spring - A spring that first came into use during the 1988 model year on 
the Continental. This spring provides an outward force on the MacPherson strut to offset the twisting 
forces that are induced by the road on the wheel. 


Dive - A suspension system condition caused by heavy braking. During this condition the front suspension 
is severely compressed by rapid deceleration. 


Dual Dampening - A shock or strut which has two separate calibrations. 
ECA - Electronic Control Assembly. 

EVO - Electronic Variable Orifice. 

Height Sensor - A sensor that detects vehicle trim height. 

Jounce - The suspension condition which causes spring compression. 

Lateral Acceleration - Acceleration to the side, not straight ahead. 

Leaf Spring - A type of suspension spring made up of a group of metal leafs. 


Load Compensation - Action of a suspension system to maintain vehicle trim height when weight is placed 
on the vehicle. 


PRC - Programmed Ride Control. 


Rack and Pinion Steering Gear - A steering gear in which a pinion gear attached to the steering shaft 
transfers steering wheel motion to a rack. The rack is attached to the steering linkage. 


Rebound - The expansion of a suspension spring that results from jounce. 
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Recalibration - A change in calibration. 
Recirculating Ball Steering Gear - A steering gear which utilizes a series of recirculating balls on a 
worm gear to transfer steering wheel movement to an internal rack. The rack in turn applies this move- 


ment to a sector shaft attached to the steering linkage. 


Ride Control Switch - Switch used to change the suspension setting on an electronically controlled 
suspension system. 


Roll - A suspension system condition caused by high speed maneuvers. During this condition the suspension 
on one side of the vehicle is severely compressed while the other side is extended. This body movement 
is caused by centrifugal force. 

Rotary Valve - Component within the power steering gear that controls the application of fluid pressure. 
Shock Absorber - A hydraulic cylinder used to dampen spring action. 

Solenoid Valve - Electrically operated valve assembly. 


Spool Valve - A term used in some instances to describe a rotary valve. 


Squat - A suspension system condition caused by road undulations. During this condition all springs 
bottom out. 


Steering Wheel Rotation Sensor - A sensor that informs the control module of steering wheel position 
and also how rapidly the steering wheel is being turned. 


Strut - A combination shock absorber and spring assembly. 

Undulation - A rapid dip or rise in a road surface. 

VAPS - Variable Assist Power Steering. 

Vehicle Speed Sensor - Input to the control module that informs it of the speed the vehicle is travelling. 
Vent Solenoid - A solenoid assembly placed on an air compressor in an air suspension system that vents 


excess pressure from the system when instructed to do so by the control module. The vent solenoid also 
maintains a minimum pressure within the system. 
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COMPREHENSIVE TRAINING PROGRAM 


а», FORD PARTS AND SERVICE DIVISION ср 


QUIZ Electronic Steering And Suspension Systems QUIZ 


1989-6 


1989-6 


INSTRUCTIONS: Place a circle around the letter preceding the correct answer as shown below. 


QUESTION: Air Springs are considered part of the: 


(@) Suspension System БЫ. Steering System 


с. Emission Control System а. Exhaust System 


= 


№ 


[5] 


A 


л 


о 


. Which of the following sensors utilizes а photocell? 


a. Height Sensor 

b. Vehicle Speed Sensor 
c. Steering Sensor 

d. Brake Pressure Sensor 


. Which one of the following vehicles has the vehicle 


speed sensor integral with the speedometer? 
a. Mark VII 

b. Probe GT 

c. Super Coupe/XR7 

d. Continental 


. On the EVO steering system, where is the actuator 


located? 
a. Steering Gear 
b. Frame 


c. Engine Block 
d. Power Steering Pump 


. Which one of the following vehicles uses the same 


module to control the EVO steering system and ARC 
suspension system? 

a. Super Coupe/XR7 

b. Mark VII 

c. Continental 

d. Crown Victoria/Grand Marquis 


. Which one of the following vehicles has a steering 


control module with three settings, High, Normal and 
Low? 

a. Super Coupe/XR7 

b. Probe GT 

c. Thunderbird LX/Cougar LS 

d. Continental 


. Where is the diagnostic connector located for the EVO 


steering system on the Thunderbird LX and Cougar 
LS? 

a. Beneath the ash tray in the center console 

b. Near the right front shock tower 

c. Left side of the luggage compartment 

d. Above the glove compartment 


7.Which one of the following switch/sensors are not 
used by the Automatic Ride Control system to deter- 
mine when a shift should be made from Normal to 
Firm? 
a. Neutral Safeety Switch 
b. Super Charger Boost Sensor 
c. Vehicle Speed Sensor 
d. Steering Wheel Sensor 


8.Where is the air suspension system ON/OFF switch 
located on the Mark VII? 
a. Engine Compartment 
b. Glove Compartment 
c. Luggage Compartment 
d. Center Console 


9.You are diagnosing a malfunction in the Programmed 
Ride Control System of a 1989 Probe GT. During which 
part of the Quick Test is it necessary to run the steer- 
ing wheel? 
a. No portion of the test requires the steering wheel 
to be turned. 


b. PartA 
c. PartB 
d. Рап С 


10.During system diagnostics on the Mark МП air suspen- 
sion system there is an occasion when the air suspen- 
sion warning lamp on the overhead console blinks at 
1.8 blinks per second. What does this blinking 
indicate? 
a. Diagnostic routine in the module has been entered 
b. There is a malfunction in the module 
c. There is a system malfunction 
d. No problem detected 
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